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1. INTRODUCTION 

Pulses are the basic ingredient in the diets of a vast majority of the Indian 

population, as they provide vegetarian protein component of high biological value 

as perfect mix when supplemented with cereals. Pulses are also an excellent feed 

and fodder for livestock. The unique ability of biological nitrogen fixation, soil 

amelioration, carbon sequestration, low water requirement and capacity to 

withstand extreme drought, pulses have remained an integral component of 

sustainable crop production system (Ali and Gupta, 2012). The short growing 

period offer a wide scope of crop intensification as they fit to different cropping 

systems. The ability to utilize atmospheric nitrogen and the potential for improving 

the cycling of nitrogen, climate-smart nature of these crops, make an important 

contribution to mitigate climate change besides adapting to climate change. 

India, the largest producer and consumer of pulses in the world, have an area 

of 29.4 mha with an annual production of 19.5 mt and productivity of 664 kg ha-1 

(DPD India, 2018). In Kerala, pulses are cultivated in an area of 2489.49 ha with a 

production of 2299.92 t (GoK, 2021). The pulses in general are grown in marginal 

lands under average management. Among pulses, blackgram (Vigna mungo (L.) 

Hepper) also known as urd bean is a much preferred short duration crop as it 

survives better in all seasons either as sole crop, intercrop or catch crop accounting 

for 13 per cent of the total pulse area and 10 per cent of the total pulse production 

in the country (MoA and FW, 2021).  

Cultivation in rainfed condition with poor management, presence of various 

physiological, biochemical as well as inherent factors including indeterminate 

growth habit, continuous flowering and fruiting, tough competition for available 

assimilates between vegetative and reproductive sinks associated with the crop 

lowers yield potential of blackgram. Apart from this, flower drop and poor pod 

setting due to flower abscission and lack of nutrients during critical stage of crop 

growth adds to the threat of lower production per unit area of blackgram (Mahala 
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et al., 2001). The declining trend in productivity of blackgram in recent years in 

India calls for the attention in this crop (Singh and Srivastava, 2021). 

Coconut (Cocos nucifera), popularly called as Kalpavriksha (Tree of 

heaven) is one of the major plantation crops in India, third in the world with respect 

to area and production (GoI, 2019). Coconut planted at a spacing of 7.6 m x 7.6 m 

offers wide interspace for planting other crops. Increased light transmission in 

coconut plantations of above 40 years by 50 per cent can be utilized beneficially for 

growing intercrops that can tolerate a lower extent of shade (Nelliat, et al., 1974). 

The short duration of blackgram fits the crop to the interspaces of coconut garden. 

The selection of suitable varieties and nutrient management practices are 

never obsolete in enhancing the production as they are among the basic features of 

agro physiological variation in yields which contribute to the productivity. As the 

pulse crops are known for having a broad genetic diversity (Lewis et al., 2005), can 

be used for screening more climate-resilient, need based varieties that can be 

adapted to future climate change scenarios too. 

To obtain maximum yield under low light, selection of suitable varieties 

plays an important role in intercropping. Different varieties respond differently to 

shading stress in terms of morpho-physiology as well as yield. Availability of 

suitable varieties with appreciable grain yield and shade tolerance is a common 

limitation in the popularization of blackgram cultivation in coconut garden 

(Abraham et al., 1992). To encourage and extend black gram cultivation in the 

prevailing situation of land fragmentation and low availability of cultivable lands, 

inclusion of black gram in coconut gardens as an intercrop is one of the practical 

solutions. Suitable shade tolerant varieties need to be identified for making this 

solution a reality. 

A recent literature review by Swaminathan et al. (2021) briefed about the 

varietal constraints leading to low productivity of blackgram along with other 

climatic and agronomic constraints and pointed that among fertilizer application 

practices, foliar application of nutrients is a low-budget, yet effective method. They 



3 

 

emphasized the selection of suitable varieties to the situation coupled with foliar 

application of nutrients and/or growth regulators to improve the productivity of 

blackgram. Research works on the effect of foliar application of nutrients and 

growth regulators to enhance the productivity of blackgram intercropped in coconut 

garden is meagre. Under, shaded or stressed situations, plant growth regulators 

provide optimum vegetative growth by regulating plant growth and architecture. 

They also enhance the source-sink relationship and stimulate photo-assimilate 

translocation thereby helping in effective flower formation, fruit and seed 

development, ultimately enhancing the productivity of crops.  

 In this backdrop, the present study is envisaged with the following 

objectives: 

 To identify shade tolerant blackgram varieties suitable for coconut gardens  

 To study the effect of foliar nutrition and plant growth regulators on growth and 

yield of the identified shade tolerant blackgram varieties  

 To work out the economics of blackgram cultivation in coconut garden. 
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2. REVIEW OF LITERATURE 

 Blackgram [Vigna mungo L. (Hepper)] or urd bean is one of the important 

pulse crops which have its origin in India. It is a much preferred crop for all 

seasons either as sole or as an intercrop in coconut garden. To encourage and 

extend blackgram cultivation in coconut gardens, suitable varieties tolerant to 

shade need to be identified. In general, the yield of blackgram is low due to 

inherent physiological reasons and limited source and poor sink development. 

Foliar application of nutrients and plant growth regulators (PGRs) were found to 

increase the yield of blackgram. The current state of knowledge on performance 

of blackgram and related crops under shade and its effect on growth, yield 

attributes, yield, quality and the effect of foliar application of nutrients and growth 

regulators on soil physicochemical properties are reviewed in this chapter.  

2.1 EFFECT OF SHADE ON PULSES   

 Shade, regardless of its source reduces the irradiance predominantly in the 

photosynthetically active region of the spectrum (400-700 nm). The level of 

irradiance is a major ecological factor that influences plant growth. In general, 

pulses are sensitive to reduced light levels and yield reduction by reduced light 

depends upon crop species as well as degree of shading.  

Coconut occupies more than 40 per cent of cultivable area in Kerala, 

which account for 7.9 lakh ha with a production of 5473 million nuts (GoK, 2019) 

and it offer an opportunity for intercropping. Morphological and physiological 

parameters of intercrops varied considerably due to the prevailing partial shaded 

condition in the coconut garden and hence affecting the yield.  

The active root zone of coconut is confined only to 25 per cent of the 

available land area. So the interspaces of coconut garden can be effectively 

utilized for growing crops which are suited for that area (Nelliat et al., 1974). 
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It is well documented that the photosynthetic response of a plant is 

affected by the light intensity at which it is grown (Valladares et al., 2003). Strong 

correlations also exist between the yield of a crop and its light environment. 

Considerable changes in morpho-physiological nature of sun and shaded plants 

were reported by many workers across the globe. Lower biomass or yield drop by 

reduced light depends upon crop species as well as degree of shading. Legumes 

are sensitive to reduced light levels either due to crop combinations or 

overcrowding (Valizadeh and Shakiba, 2006). 

 Generally shading occurs due to dense plant population, intercropping, 

altered planting geometry and excessive vegetative growth which affect the 

performance through reducing photosynthetic capacity of plants. Adaptive 

response to low irradiance is higher leaf area, chlorophyll content, leaf to stem 

ratio and stem length. Grain yield of pulse species has been reported to reduce, 

when intercropped with cereals and other crops (Liu et al., 2017).  

The low yield in intercropped pulse species was mainly due to shading that 

resulted in weak plant growth. The reduction in light reaching the legume canopy 

when intercropped with other crops was about 30 - 50 per cent of the total 

incoming radiation and began around 30 - 35 days after seeding of the crops 

(Armstrong et al., 2008). To obtain the maximum yield of the pulses under low 

light, selection of suitable pulse species plays an important role in crop mixtures.  

According to Kakiuchi and Kobata (2006), the species may respond 

differently to shading stress in terms of morpho-physiology as well as yield. In 

particular, photosynthetic active radiation is the major factor regulating 

photosynthesis and other physiological processes in plants. Hence, the dry matter 

production and yield depends on it to a greater extent (Lemaire et al., 2007). 

Selection of pulses that perform stable photosynthesis under different light 

intensities will be a greater advantage to get high and stable productivity under the 

natural environment.  
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2.1.1 Effect of Shade on Growth Characters of Pulses 

2.1.1.1 Plant Height 

 The general effect of plants grown under shade is increased growth of 

main axis (Duggar, 1903; Ross, 1976). Variations in the plant height of pulse 

varieties with respect to varying shade had been documented by many workers. 

Tarilla et al. (1977) observed a negative correlation in plant height with shade in 

cowpea and later George (1982) in red gram and grain cowpea. Significant 

influence of shade on plant height is also reported by George (1982) in groundnut 

and blackgram and Krishnankutty (1983) in vegetable cowpea. 

Increment in plant height with shade was observed by Lakshmamma and 

Rao (1996b) in blackgram. Similar results of increment in plant height with shade 

was documented by Hossain et al. (2017) in mung bean. Alagupalamuthirsolai et 

al. (2018) examined the different levels of shade and concluded that 75 per cent 

shade significantly enhanced plant height. Nair (2020) also stated increase in plant 

height of green gram under partially shaded coconut garden.  

2.1.1.2 Number of Leaves 

Attridge (1990) observed that low light intensity will promote a greater 

number of leaves to expose more photosynthetic area under limited illumination. 

According to Shivashankara et al. (2000), number of leaves produced per plant in 

betel vine was higher under 35 and 60 per cent light compared to 10 per cent light 

intensity. Vendramini et al. (2002) stated that leaf characteristics, viz., leaf 

number and assimilatory area may change in response to important environmental 

factors including light. Kong et al. (2016) observed that differences in light 

intensity affect the external morphology of leaves, internal anatomy and 

physiological characteristics.  
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2.1.1.3 Nodule Activity 

In a field study with soybean, Wahua and Miller (1978) observed that 

shading accelerated rate of loss of nodule activity. The total nodule activity was 

highest at 20 per cent shade (99.3 klux) and decreased curvilinearly with increase 

in shade. Trang and Giddens (1980) examined four shading treatments (0, 18, 40 

and 62%) in soybean and reported that plants with no shade produced higher 

number of nodules (25 per plant) and nodule mass (52 mg per plant) than shaded 

plants. Rao and Ghildiyal (1985) observed a reduction in nodulation in mung bean 

plants grown under low light in mung bean (40% sunlight). 

2.1.1.4 Leaf Area 

Cooper and Qualls (1967) recorded 25 per cent increase in the ratio of leaf 

area to leaf weight with shading in legumes which was associated with changes in 

leaf morphology. Schoch and Santos (1974) stated that shading increased leaf area 

in Vigna sinensis. Effect of shading on leaf characteristics was studied by 

Crookston et al. (1975) and reported that shading in beans reduced leaf area, 

number and thickness. Tarilla et al. (1977) observed improved plant growth in 

terms of leaf area under high light intensity. Plants that grow in shady 

environment invest relatively more of the products of photosynthesis and other 

resources in leaf area to increase light harvesting and photosynthetic surface 

(Lambers et al., 1998).  

Oritani (1978) studied the effect of light intensity in the contrasting 

varieties of soybean and found that leaf area was reduced in variety Harosoy 

grown under reduced light intensities but increased for the variety Tosam upto 90 

per cent shade.  

Generally, the increase of leaf area with shading is one of the way to 

increase photosynthetic surface, ensuring a more efficient yield in low light 

intensities and consequently, compensating the low photosynthetic rate per unit 

leaf area, a characteristic of shaded leaves (Hadi et al., 2006). According to Manoj 
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et al. (2019), shading at 50 and 75 per cent of the full sunlight had significant 

negative effect on leaf area index of pulses over full sunlight. The shaded plants 

had greater radiation use efficiency than the unshaded and shading reduced the 

availability of radiant energy at the canopy surface.  

2.1.2 Effect of Shade on Physiological Characters  

Cooper and Qualls (1967) stated that shaded leaves of legumes contained 

more chlorophyll per unit leaf weight but less chlorophyll per unit leaf area than 

in sun leaves. Bowes et al. (1972) recorded decreased photosynthetic rate and 

RuBP carboxylase activity under low light intensity in soybean. Adedipe and 

Ormrod (1975) observed that cowpea cultivars grown at 10 klux had more leaf 

area and chlorophyll content than the cultivars grown at 20 klux. Oritani (1978) 

illustrated decreased photosynthetic activity in soybean cv. Harasoy with 

reduction in light intensity. Sivakumar and Virmani (1984) found that low light 

caused reduction in photosynthetic rate at three growth stages studied in four 

groundnut varieties. 

Hadi et al. (2006) recorded increased leaf area index, specific leaf weight, 

leaf area ratio and days to physiological maturity with increased shade level of 55 

per cent in common bean. Higher radiation use efficiency (79%) in intercropped 

beans under reduced light than that of sole crop was documented by Sandana and 

Calderini (2012). Araki et al. (2014) studied the impact of shading on growth and 

photosynthetic efficiency in green gram and concluded that plants grown under 

shade showed an increased amount of chlorophyll content per unit leaf area. 

Alagupalamuthirsolai et al. (2018) stated that shade treatment significantly 

reduced specific leaf weight and increased chlorophyll content in 75 per cent 

shade.  

2.1.3 Effect of Shade on Yield Attributes and Yield  

  Strong correlations exist between yield of a crop and its light environment 

(Shibles and Weber, 1965). Subhadrabandhu et al. (1978) observed that shading at 
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maturity period in common bean resulted in reduction in number of pods, total dry 

weight and seed yield.   

Wahua and Miller (1978) studied the effect of different levels of shading 

on soybean and stated that the dry weight of plant tops were the highest at 20 per 

cent shade and decreased curvilinearly as shading increased. They also reported 

that number of pods per plant, leaf nitrogen content, total stem nitrogen and grain 

yield were highly correlated with shading. 

Clifford (1979) observed that beans grown in full sun light had more fruit 

number and seed weight than the plants grown under dim light and he concluded 

that there is a source limitation of sink yield in mung beans. Increased dry matter 

in soybean with no shade compared to shaded condition was reported by Trang 

and Giddens (1980). Liyanage and Mc William (1981) reported that in mung 

bean, increasing level of continuous shade produced a linear decrease in seed 

yields. The adverse effect was most pronounced on the number of pods per plant 

followed by number of seeds per pod and seed size. The yield reduction was 

proportionate to the duration and intensity of the shade.  

Sampath and Kulandaivelu (1983) noted lower fresh weight and dry 

weight per unit leaf area of mung beans with progressive decrease in light 

intensity (33% and 9% of full sun light). Sivakumar and Viramani (1984) 

observed decrease in total dry matter, yield and yield parameters like number of 

mature pod, peg number, potential pod bearing zone, shelling percentage and 100 

seed weight of groundnut under low light. Later, Rao and Ghildiyal (1985) found 

that 60 per cent shading resulted in less dry matter production in bean plants 

compared to control. They also recorded more seed yield in control plants which 

was kept under full sunlight (7.0 g per plant) than in plants under low light (3.27 g 

per plant) on mung bean. 

Manoj et al. (2019) concluded that shading at both 50 and 75 per cent of 

full sunlight had significant negative effect on total dry matter production of 

pulses over full sunlight.  
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2.1.4 Effect of Shade on Quality Characters 

 George (1982) observed no significant effect in protein content and protein 

yield due to shade in blackgram and cowpea. Reduced protein and increased oil 

contents under 50 per cent shade was reported in soybean by Bellaloui (2012). 

2.1.5 Effect of Shade on Soil Physico-chemical Properties 

 Soil nutrient analysis under shade revealed that, there was an increase in 

the soil nutrient status after experiment with an increase in shade intensity in 

sword bean (Geetha, 2004).  Shading helps in better moisture retention leading to 

a higher soil organic matter breakdown and, therefore, more nitrogen is available 

in the soil (Kariuki et al., 2018). 

Effects of shade on phosphorus acquisition in cereal-legume intercropping 

systems were studied by Whitehead and Isaac (2012) and measured higher 

extractable P in rhizobox soils under the shade treatment. Soil characteristics 

under legume and non-legume tree canopies in signalgrass (Brachiaria 

decumbens) pastures was observed by Dubeux et al., (2014) and recorded 

increased microbial activity under tree shade compared to full-sun soil. 

2.1.6 Effect of Shade on Nutrient Uptake 

The nutrient uptake studies under different shade intensities indicated that, 

there was an increase in the uptake of N, P and K with shade intensities. The 

highest uptake was observed under 50 per cent shade in arrowroot (Geetha, 2004).   

2.2 EFFCT OF FOLIAR APPLICATION OF NUTRIENTS ON PULSES 

Subramanian and Palaniappan (1981) stated that foliar application of major 

nutrients like N and K was found to be as good as soil application. Syriac et al. 

(1988) observed that grain yield can be increased by the combined application of 

N and P partly through soil and partly through foliar application in blackgram. 

Salim (1992) concluded that application of nutrient elements through foliar spray 
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at appropriate stages of growth is important for their efficient utilization and better 

performance of the crop. Foliar nutrients usually penetrate the leaf cuticle or 

stomata and enters the cells facilitating easy and rapid utilization of nutrients 

(Latha and Nadanassababady, 2003). 

Manonmani and Srimathi (2009) reported that foliar application increased the 

yield from 12 to 25 per cent and it was found to be 20 times more effective than 

soil applied fertilizers. Foliar application is credited with the advantage of quick 

and efficient utilization of nutrients, elimination of losses through leaching and 

fixation and regulating the uptake of nutrients by plants. Reddy et al. (2010) 

pointed that foliar spray of macronutrients is the most important factor 

determining the yield. It stands as one of the effective and convenient method of 

nutrition as it facilitates quick and easy absorption through stomatal openings or 

cuticles which may result in quick and efficient response (Kannan, 2010). 

2.2.1 Effect of foliar spray of 19:19:19 

 All 19 (19:19:19 NPK) is a 100 per cent water soluble product which can 

be used in drip fertigation or as foliar spray which contain nitrogen, phosphorus 

and potassium in equal proportion. Being a good source of all the three macro 

nutrients, it helps the crop to meet the major nutrient requirement.  

2.2.1.1 Effect on Growth Characters 

Rajesh (2011) reported that foliar application of polyfeed (19:19:19) and 1 per 

cent multi K recorded higher plant height in red gram. Mamathashree et al. (2014) 

observed that foliar application of water soluble fertilizer 19:19:19 at 2 per cent 

concentration at peak flowering and pod development stage recorded higher plant 

height, primary branches at harvest and leaf area in pigeon pea.  

Mallesha et al. (2014) recorded higher plant height, number of branches 

and leaf area with application of 1 per cent 19:19:19 at peak flowering, pod 

development and at pod filling stage in pigeon pea. Gowda et al. (2015) studied 
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the response of pigeon pea in terms of soil application of micronutrients and foliar 

spray of macronutrients on yield and revealed that soil application of ZnSO4 @ 25 

kg ha-1 along with foliar spray of 19:19:19 (0.4%) resulted in significantly higher 

growth attributes. Kumar et al. (2018) recorded maximum root length (18.50 cm) 

with the application of 19:19:19 (NPK) 2 per cent spray at flowering at 60 DAS. 

Mudalagiriyappa et al. (2016) reported that foliar application of 19:19:19 @ 1.5 

per cent at flowering and pod development stage along with the basal application 

of fertilizers significantly increased growth attributes in greengram. Karthikeyan 

et al. (2020) found that foliar spray of pulse wonder (1%) with 19:19:19 

significantly influenced root nodule number (29.4) and also nodule dry weight 

(0.29 g per plant) in blackgram. 

Banasode and Math (2018) observed significantly higher number of branches 

per plant (5.20) with two foliar sprays of 19:19:19 (1%) in soybean. The foliar 

application of 2 per cent 19:19:19 at flowering stage recorded the highest plant 

height of 24.27 cm (Bochalya et al., 2021). 

2.2.1.2 Effect on Physiological Characters  

Kumar et al. (2018) reported that application of 2 per cent concentration of 

19:19:19 at flowering stage produced maximum crop growth rate (CGR) of 35.42 

g m-2 day-1) and relative growth rate (RGR) of 0.066 g-1g-1 day-1 during 45-60 days 

interval in blackgram. Karthikeyan et al. (2020) found that the foliar nutrition has 

significantly influenced the growth indices viz., absolute growth rate (AGR), CGR 

and leaf area duration (LAD) at all growth stages. Among the treatments, foliar 

spray of pulse wonder (1%) with 19:19:19 registered a maximum value of AGR 

(0.796 and 0.805 g per day) at flowering and pod development. 

2.2.1.3 Effect on Yield Attributes and Yield  

Rajesh (2011) documented significantly higher number of pods per plant, 

pod weight and grain yield with the foliar application of polyfeed (19:19:19) and 

1 per cent multi potassium. Mallesha et al. (2014) studied the effect of five 
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concentrations of water soluble fertilizer NPK (19:19:19) viz., no foliar spray 

(control), 0.25, 0.5, 0.75  and 1.0 per cent at peak flowering, pod development and 

at pod filling stage and revealed that foliar application of 1.0 per cent 19:19:19 

recorded higher number of pods per plant (121.8), pod weight per plant (105.5 g), 

grain yield per plant (19.9 g) and grain yield (1661 kg ha-1). They also recorded 

higher total dry matter production at harvest with the foliar application of 1.0 per 

cent 19:19:19. 

           Mamathashree (2014) reported significantly higher seed yield (1272 kg ha-1),  

total dry matter production (142.8 g per plant), higher gross returns (₹ 53431 ha-1), 

net returns (₹ 33976 ha-1) and BC ratio (2.7) with foliar application of water soluble 

fertilizer 19:19:19 at 2 per cent concentration as compared to other soluble 

fertilizers. The increase in yield can be attributed to the higher availability of 

assimilates with foliar spray of water soluble fertilizers. Significant differences in 

the seed yield of pigeon pea with foliar spray of water soluble fertilizers might be 

attributed to improved growth and yield components viz., total dry matter 

production and its distribution into different plant parts, number of branches per 

plant, number of pods per plant, seed weight per plant and 100 seed weight.  

Kumar et al. (2018) found that application of 2 per cent 19:19:19 twice at flower 

initiation and pod formation produced higher seed and haulm yield in blackgram. 

Singhal et al. (2015) stated that foliar application of the combination of nutrients 

improved the source sink relationship triggering and increased the number of pods 

per plant in vegetable cowpea.  

Gowda et al. (2015) opined that the application of zinc sulphate @ 25 kg 

ha-1 along with foliar spray of 19:19:19 @ 0.4 per cent in pigeon pea at flower 

initiation and pod development stage recorded higher seed yield of 1390 kg ha-1 

and haulm yield of 3421 kg ha-1 compared the control. Das and Jana (2015) 

reported that application of 19:19:19 (3%) spray recorded the highest seed yield of 

1000 kg ha-1 and 1162 kg ha-1 in greengram and blackgram respectively.   
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Singhal et al. (2015) observed higher number of pods per plant, 

commercial pods yield, yield per plant, dry seed yield and dry plant yield by foliar 

spray of NPK (19:19:19) @ 0.5 per cent on vegetable cowpea. Jadhav and 

Kulkarni (2016) reported ha foliar spray of 19:19:19 @ 1 per cent on greengram 

recorded significantly higher grain yield (1121 kg ha-1).  

According to Mudalagiriyappa et al. (2016) foliar spray of water soluble 

fertilizer (19:19:19) at 1.5 per cent concentration at flowering and pod 

development stage along with basal application of fertilizers (13.5: 25: 25 kg N, 

P2O5, K2O) significantly increased growth attributes, yield and benefit cost ratio 

in chickpea cultivation. Jadhav and Kulkrani (2016) reported significantly higher 

grain yield during both years of study (1121 and 1105 kg ha-1) in green gram with 

foliar spray of 19:19:19 @ 1 per cent at flower initiation stage.  

El-Azab (2016) reported that foliar application of NPK (19:19:19) 

compound with Fe, Zn and Mn at different doses increased in vegetative growth, 

yield and its components and nutrient concentration of cowpea plant compared 

with control. Kulkarni et al. (2016) found significantly higher grain yield (644.2 

kg ha-1) with the foliar spray of panchagavya and 19:19:19 in greengram. 

Application of 19:19:19 (NPK) 2 per cent spray at flowering stage recorded 

higher grain yield (870 kg ha-1) and net returns (₹ 20108 ha-1) in blackgram. The 

increase in yield might be due to enhanced yield attributes like number of pods 

per plant and number of seeds per pod. It may also be due to increased uptake of 

nutrients by blackgram by effective translocation of nutrients from sink to 

reproductive area of crop (Kumar et al., 2019). 

Banasode and Math (2018) observed that two foliar sprays of 1.0 per cent 

NPK (19:19:19) resulted in significantly higher total dry matter production in 

soya bean.  Patel (2018) noted higher seed yield (1361 kg ha-1) with foliar spray of 

NPK (19:19:19) 2 per cent at flower initiation. Kumar and Simainya (2019) 

recorded the highest number of pods per plant, number of seeds per pod and seed 

index with the spray of 2 per cent 19:19:19 (NPK) at flowering. This might be due 
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to better absorption of nutrients applied through foliage leading to better activity 

of functional root nodules resulting in more leaf area, dry matter production and 

uptake of nutrients. This could have led to more flower production and 

subsequently pod formation and other yield attributing characters. The increased 

100 seed weight might be attributed to increased mobilization of metabolites to 

the reproductive sinks. Yalagar et al. (2021) reported that, application of 

recommended nutrients to pigeonpea coupled with foliar spray of 19:19:19 at 1 

per cent + vermiwash at 10 per cent at flower initiation and peak flowering stage 

was optimum for higher grain yield (1592 kg ha-1), higher net returns                      

(₹ 65908 ha-1) and BC ratio (3.49). A significant increase in yield parameters was 

mainly due to increased nutrient uptake and improved growth parameters. The 

supply of nutrients through foliar application increased the nutrient assimilation 

and better utilization by the crop, which in turn produced more photosynthates 

resulting in better partitioning of dry matter from source to sink. Foliar nutrition 

preferentially increased the metabolic processes like photosynthesis, enhanced 

nucleic acids, soluble proteins and carbohydrates, which resulted in higher dry 

matter production and sink size. 

2.2.1.4 Effect on Quality Characters 

Gowda et al. (2015) reported that the foliar spray of 19:19:19 at 0.4 per 

cent recorded significantly higher protein content (22.47%) and protein yield 

(288.75 kg ha-1) in pigeon pea. 

2.2.1.5 Effect on Soil Physico-chemical Properties 

Shruthi and Vishwanath (2018) observed that the application of water 

soluble NPK fertilizers (19:19:19) did not have any marked influence with respect 

to the soil properties as well as available nutrients in lima bean. 
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2.2.1.6 Effect on Nutrient Uptake 

El-Azab (2016) reported that the effects of foliar application of NPK 

(19:19:19) increased N, P and K concentration and uptake in cowpea.  

Mudalagiriyappa et al. (2016) recorded significantly higher N and K uptake     

(98.5 kg ha-1 and 81.8 kg ha-1 respectively) with foliar application of water soluble 

fertilizer 19:19:19 (1.5%) at flowering and pod development stage along with the 

basal application of fertilizers in greengram. Shruthi and Vishwanath (2018) 

reported that foliar fertilization of water soluble NPK fertilizers (19:19:19) 

improved uptake of the primary nutrients in lima bean. 

2.2.2 Effect of foliar spray of Sulphate of Potash 

Sulphate of potash (SOP), having the chemical formula K2SO4  is a 100 

per cent water soluble fertilizer which contain 50 per cent  K2O and 17.5 per cent 

sulphur. It imparts pest and disease resistance and is used in sink filling and 

proper ripening. The response for foliar application of SOP was more than soil 

applied K and the yield increase can be attributed to the effect of sulphur also 

(Sadasivam et al., 1990; Ravichandran et al., 1997). 

2.2.2.1 Effect on Growth Characters  

Foliar application of sulphate of potash could partially replace the soil 

application (Surendran, 2000; Ali et al., 2007). Mamathashree et al. (2014) stated 

that foliar spray of SOP result ed in higher growth attributes in pigeon pea. 

2.2.2.2 Effect on Physiological Characters  

Sadasivam et al. (1990) observed higher photosynthetic rate due to foliar 

spraying of SOP (1%) in greengram. Sathyamoorthi et al. (2008b) reported higher 

photosynthetic rate with the application of 125 per cent NP along with foliar 

spraying of DAP (2%) and SOP (1%) twice at 25 and 45 DAS in green gram.  
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2.2.2.3 Effect on Yield Attributes and Yield  

Babu et al. (1985) recorded significant increase in seed yield by 12.2 per 

cent with foliar spray of SOP (1%) in blackgram. Sadasivam et al. (1990) 

observed an increase in productivity of greengram with foliar spraying of SOP 

(1%). The response for foliar application of SOP was more than soil applied K. 

Ramamoorthy et al. (1995) compared foliar and/or basal applications of N, P and 

K on blackgram. Foliar application of 1 per cent K2SO4 + basal applications of N 

+ P produced the seed yield of 536 kg ha-1.  

Sathyamoorthi et al. (2008a) reported higher yield characters viz., pods per 

plant, pod length, seeds per pod and seeds per plant with 125 per cent NP along 

with foliar spraying of DAP (2%) and SOP (1%) twice. Gowda et al. (2015) 

reported that in pigeonpea foliar spray of 0:0:50 at 0.3 per cent recorded higher 

seed yield (1252 kg ha-1) and stalk yield (3429 kg ha-1).   

Mulagund et al. (2015) concluded that the combined foliar sprays of 2 per 

cent SOP and 2 ppm brassinosteroid significantly increased the bunch 

characteristics and fruit yield in Banana. Soil application of sulphur @ 20 kg ha-1 

as K2SO4 coupled with recommended dose of fertilizers and 0.5 per cent as SOP 

foliar spray at 30 and 45 DAS showed significantly better response in blackgram 

(Gokila et al., 2017). 

2.2.2.4 Effect on Quality Characters 

Application of sulphur @ 20 kg ha-1 along with 0.5 per cent SOP foliar 

spray plus 100 per cent recommended dose of fertilizers recorded the highest 

protein content of 23.0 per cent in blackgram (Gokila et al., 2017). Soil 

application of 40 kg ha-1 of sulphate of potash recorded the highest quality 

parameters viz., starch, vitamin C and protein in greengram variety VBN 2 

(Karthiyekan et al., 2020).    
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2.2.2.5 Effect on Soil Physico-chemical Properties 

Sathyamoorthi et al. (2008a) recorded higher soil available N, P and K in 

green gram with the application of 125 per cent NP along with foliar sprays of 

DAP (2%) and SOP (1%) twice at 25 and 45 DAS.  

2.2.2.6 Effect on Nutrient Uptake 

Higher N, K and S uptake by greengram with the application of 125 per cent 

NP along with foliar sprays of DAP (2%) and SOP (1%) twice at 25 and 45 DAS 

was recorded by Sathyamoorthi et al. (2008b). Gokila et al. (2017) observed that 

the NPK uptake in blackgram was significantly higher for the application of 

sulphur (20 kg ha-1) along with 0.5 per cent SOP foliar spray plus 100 per cent 

recommended dose of fertilizers. 

2.3 EFECT OF FOLIAR APPLICATION OF PLANT GROWTH REGULATORS 

The plant growth regulators are the chemical substances when applied in 

small amounts, bring rapid changes in the phenotypes of the plant and also 

influence the plant growth, right from seed germination to senescence either by 

enhancing or by stimulating the natural growth regulatory system. It might 

increase the crop productivity by increasing the photo-assimilate partitioning and 

translocation thereby enhancing source- sink relationship (Taiz and Zeiger, 2003). 

They also stimulates and influences a number of parameters from alteration of 

plant architecture, photo-assimilate partitioning and various physiological and 

metabolic processes as suggested by Sharma et al. (2013). 

2.3.1 Effect of Naphthalene Acetic Acid (NAA)  

NAA, 1- Naphthalene acetic acid  is a naphthalene derivative with the formula 

C10H7CH2CO2H having a molecular weight of 186.21 g mol-1, used as a synthetic 

plant growth stimulator and is applied as a spray with a concentration of              

20 to 100 mg L-1 depending on target plants. It is used as a growth regulator to 

increase flower production, reduce flower drop and increase grain yield in pulses. 
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Foliar application of NAA promotes the apical dominance, cell elongation and 

shoot development.  

2.3.1.1 Effect on Growth Characters 

Pandey (1975) observed significant increase in plant height, number of 

branches and flowers in pigeonpea with the spray of 20 ppm NAA during 

flowering stage. Nooden et al. (1979) noticed delayed senescence in soybean with 

the application of NAA. Merlo et al. (1987) recorded significant increase in 

number of branches per plant and dry matter in soybean with the application of 

NAA. Kelaiya et al. (1991) reported an increased LAI and plant dry weight in 

groundnut by applying NAA, tricontanol and cycocel (CCC). Baghel and Yadava 

(1994) found significantly higher plant height in blackgram with the application 

of 30 ppm NAA compared to control. Lakshmamma and Rao (1996b) recorded 

significantly higher plant height in blackgram due to foliar application of NAA  

20 ppm at 50 per cent flowering and one week later in shade. Shinde and Jadhav 

(1995) observed increased leaf area in greengram with the foliar application of 

NAA (50 ppm).  

Dhopte and Suradkar (1998) reported that the number of root nodule was not 

affected by growth regulators like gibberellic acid and NAA (20 ppm each).  

Reddy (2002) observed significant increase in plant height, dry matter in leaf, 

stem and reproductive parts and total dry matter due to application of NAA 40 

ppm in chickpea. Das and Prasad (2003) observed that two sprays of NAA at 20 

or 40 ppm significantly increased the growth characters like number of leaves and 

branches of summer mungbean. The total number of nodules and effective 

nodules were higher due to the application of NAA at 40 ppm (Resmi and 

Gopalkrishanan, 2006). Thakare et al. (2006) stated that foliar spray of NAA with 

DAP significantly increased number and dry weight of root nodules, dry weight of 

shoot, plant height, leaf area and total dry matter production. Bhosle et al. (2007) 

recorded a significant increase in plant height and leaf area of blackgram due to 

the application of NAA at 40 ppm. Jeyakumar et al. (2008) observed that foliar 
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application of NAA at 40 ppm at pre flowering stage in blackgram cv. LBG 645 

significantly increased the plant height (30.1 cm) compared to control (26 cm). 

Foliar spray of NAA (20 ppm) recorded higher leaf area and LAI compared to 

growth retardants at 60 and 75 DAS in blackgram (Girisha, 2010).   

Ramesh and Ramprasad (2013) studied the effect of NAA on growth 

parameters and reported significantly higher plant height, number of branches and 

number of trifoliates leaves per plant with the application of NAA (20 ppm) in 

soybean.  

Shashikumar et al.(2013) found higher growth components such as plant 

height (37.11 cm), number of branches (8.27 per plant), LAI (4.18), LAD (60.45) 

and total dry matter production (15.98 g per plant) with the application of RDF + 

foliar spray of 40 ppm NAA + 0.5 per cent chelated micronutrient + 2 per cent 

DAP in blackgram. Similarly maximum plant height, under foliar spray of NAA t 

40 ppm was recorded by Mahajan (2014) in soybean. 

Medhi et al. (2014) reported highest number and dry weight of nodules per 

plant at 55 and 75 DAS due to application of 20 ppm NAA in green gram. The 

significantly highest plant height, leaf area and number of leaves per plant were 

recorded with application of NAA 20 ppm in soybean (Upadhyay and Ranjan, 

2015). Esther and Gautam (2020) reported that combination of recommended 

dose of fertilizers (25:50:25 kg NPK ha-1), urea at 2 per cent and NAA at 40 ppm 

resulted in higher growth attributes such as plant height (63.63 cm), number of 

branches (31.13), root nodules (23.73) and plant dry weight (51.71 g) in 

blackgram variety  T9. The increased value for root nodules of the plant with 

foliar application can be attributed to the fact that nutrients enhance plant vigour 

and strengthen the stalk.  

2.3.1.2 Effect on Physiological Characters  

Kalarani (1991) observed that the foliar application of 1 per cent urea and      

50 ppm NAA significantly influenced the specific leaf area in soybean. Dhopte 
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and Suradkar (1998) studied the effect of hormones (GA and NAA 20 ppm each) 

in soybean and found that NAA was more effective than GA whereas chlorophyll 

content was not affected by growth regulators. 

Grewal and Gill (1986) observed that foliar application of NAA and nitrogen 

significantly enhanced the photosynthetically active radiation. Nawalagatti et al. 

(1991) reported that the application of growth regulator (NAA at 20 ppm) 

increased NAR significantly in groundnut. Further there was increase in LAI, 

NAR and CGR in groundnut cv. DH-3-30 with the foliar application of 10 ppm 

NAA at 45 days after sowing. Bhagel and Yadava (1994) found that NAA was 

superior to GA3 and IAA in enhancing LAI, NAR and CGR in blackgram. 

Baghel and Yadava (1994) observed significantly increase in NAR with 

the foliar application of 40 ppm NAA in blackgram. Rajamohan (1989) and later 

Shinde and Jadhav (1995) reported that foliar application of 20 ppm NAA 

increased the SLW in soybean and cowpea.  

   Shinde and Jadhav (1995) indicated that foliar application of 20 ppm 

NAA significantly increased chlorophyll content in cowpea. Lakshmamma and 

Rao (1996a) reported that application of NAA @ 20 ppm at 50 per cent flowering 

stage increased the chlorophyll content in blackgram. Foliar application of 40 ppm 

NAA at flower initiation stage significantly increased the CGR at pod filling stage 

(Ganapathy et al., 2008). 

 Deotale et al. (2011) noted maximum RGR and NAR when green gram 

was sprayed with 50 ppm NAA + cow urine. Medhi et al. (2014) observed that 

application of 60 kg P2O5 ha-1 + NAA @ 100 ppm significantly improved LAI, 

RGR, NAR and SLW at different stages of growth in green gram.  

 Bhosle et al. (2007) reported higher SLW in blackgram with the foliar 

application of 20 ppm NAA at flowering stage. Kalyankar et al. (2008) showed 

that foliar spray of NAA (100 ppm) was effective in increasing total dry weight of 

soybean. Shohag et al. (2008) observed improved growth and yield with spray of 
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200 ppm NAA in mung bean. Jeyakumar et al. (2008) reported that LAI and LAD 

were positively influenced by application NAA at 40 ppm by recording 2.84 and 

19.3 days respectively in blackgram. 

 Ramesh and Ramprasad (2013) found that morpho-physiological 

parameters, viz., plant height, number of branches, number of trifoliate per plant, 

dry matter accumulation in leaf, stem and reproductive parts, LAI, CGR and RGR 

were observed to increase significantly with the application of NAA (20 ppm) in 

soybean. Kapase et al. (2014) reported that foliar spray of 50 ppm NAA+400 ppm 

humic acid significantly enhanced RGR and NAR, in chickpea. Rajesh et al. 

(2014) found that application of NAA (20 ppm) during reproductive stage 

recorded higher chlorophyll content and photosynthetic rate in green gram. 

Upadhyay and Ranjan (2015) recorded significantly higher values of RGR, CGR 

and NAR in spray application of NAA 20 ppm in chickpea. Kashyap et al. (2018) 

observed that application of NAA 40 ppm+zinc 300 ppm produced superior LAI, 

LAD, CGR, RGR, SLW and chlorophyll content in green gram. 

2.3.1.3 Effect on Yield Attributes and Yield  

Ramesh et al. (2001) noticed increase in seed yields by 5.3 per cent with 

the application of 2 sprays of 20 ppm NAA to soybean at flowering and early pod 

formation stage. Increase in the dry matter accumulation in stem and reproductive 

parts, pod number, number of grains per plant and grain yield with the application 

of NAA was noticed by Araújo et al. (2021). However, 100 seed weight remained 

unaffected. 

Subbian and Chamy (1984) remarked that foliar spray with NAA (10 ppm) 

twice at the time of flowering and 15 days thereafter increased the pod number per 

plant and seed yield per plant over control in greengram. Spraying NAA at flower 

initiation and seed filling stages also increased the seed yield in greengram and 

blackgram (Chaplot et al., 1992). Setia et al. (1993) reported that foliar 

application of NAA 50 and 100 µ g mL-1 to lentil caused increase in seed yield, 
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total dry matter and harvest index. Baghel and Yadava (1994) found higher seed 

yield in blackgram due to the application of 30 ppm NAA.  

Kalita et al. (1995) recorded the highest seed yield and harvest index in 

summer and Rabi green gram sprayed with a combination of 3.0 per cent P2O5 + 

100 ppm NAA. Lakshmamma and Rao (1996a) observed that foliar application of 

NAA twice at 50 per cent flowering and one week later decreased flower drop in 

blackgram in shaded condition.  

Patel and Saxena (1994) and Lakshmamma and Rao (1996a) reported 

increased dry matter production due to the application of NAA in blackgram. 

Mahla et al. (1999) noticed highest dry matter production with 20 ppm NAA 

spray in blackgram. 

Application of NAA at 40 ppm was more effective and significantly 

increased the number of seeds per plant, number of pods per plant, pod weight, 

pod dry weight, pod length and grain yield in blackgram. The increase in yield by 

the application of NAA might be attributed to its unique role in delaying 

senescence process, hastening root and shoot growth, higher fertility rate of 

reproductive organ due to creation of favorable balance of hormones and setting 

more fruits (Prabhu, 2000).  

Kothule et al. (2003) and Chandrasekhar and Bangarusamy (2003) 

recorded the highest number of pods per plant and yield when sprayed with NAA 

40 ppm at flowering stage compared to control (without NAA spray) in green 

gram and soybean respectively. Prakash et al. (2003) reported that combined 

application of NAA at 30 ppm on 30 and 45 DAS and mepiquat chloride at 120 

ppm on 60 DAS recorded increased yield by 25 per cent more than the control. 

 Das and Prasad (2003) observed that two sprays of NAA at 20 or 40 ppm 

significantly increased days to 50 per cent flowering, number of pods per plant, 

pod length, grains per pod and 1000 grain weight and grain and straw yields in 

summer mungbean. The increase in pod length with the application of NAA might 
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be due to rapid cell division and increased elongation of individual cell. Growth 

regulators viz., NAA, 2, 4 D and CCC have recorded higher seed yield, pod 

length, pod number and weight in cowpea. The increase in yield attributes might 

be due to supplementation of nutrients at the critical stage without physiological 

stress. Foliar application of nutrients enhanced the number of floral buds, 

prevented the floral shedding by maintaining optimum bio-physiological 

conditions in plants. Adequate and continuous nutrient availability through soil 

and foliar nutrition promotes the supply of assimilates to sink or yield container, 

thus enlarging the size of the yield structure (Resmi and Gopalkrishnan , 2004).   

Patil et al. (2005) found that spraying of NAA significantly improved the 

seed yield by 21-22 per cent than the control through increased flower production 

(18%), clusters per plant (24%), pod setting percentage (31%) and pods per plant 

(55%). Resmi and Gopalkrishnan (2004) reported that NAA (15, 30 or 45 ppm) 

increased seed yield, pod length, pod weight, pod number per plant and pod 

number per unit area of cowpea plants. The impact of the foliar nutrients to meet 

the nutrient demand of the crop at the critical stage on site, where they are needed 

without stress, would have resulted in better growth and development of the crop 

and ultimately the yield attributing characters and yield.  

The combination of 60 kg P2O5 ha-1 + 100 ppm NAA recorded the highest 

seed yield and harvest index (1.49 t ha-1 and 31.21%, respectively), which was 

associated with high number of pods per plant, branching pattern, 1000 seed 

weight and seeds per pod. The balanced growth habit, which induced more flower 

and fruiting body production with timely supply of nutrients through foliar spray 

might have reduced shedding of flowers and fruits, which led to a positive source 

- sink gradient of photosynthates translocation due to growth regulator (Medhi et 

al., 2014). 

Dixit and Elamathy (2007) reported that foliar application of DAP 2 per 

cent + NAA 40 ppm + B (0.2%) + Mo (0.05%) at 30 DAS significantly increased 

the dry weight of plants, number of pods per plant, seeds per pod, test weight, 
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grain yield and haulm yield over the control in green gram. Aucharamal et al. 

(2007) observed significantly higher total dry matter accumulation per plant in 

blackgram compared in spraying of 40 ppm NAA at flower initiation and 15 days 

later. According to Behera and Elamathi (2007), 2 per cent foliar spray of DAP 

and NAA 40 ppm twice at 25 and 35 DAS significantly increased the number of 

pods per plant, number of seeds per pod, test weight, number of flowers, fertility 

coefficient, grain yield and haulm yield in green gram. This might be due to 

enhanced level of nutrient available in the rhizo-ecosystem of the foliar applied 

nutrients resulting in better plant growth and development. Application of 

nutrients would have resulted in better vegetative growth as observed by taller 

plants, more branches and efficient nodulation. This favourable influence of foliar 

application of nutrients could be ascribed to more and quick access to nutrients by 

plants at seedling and early development stages. 

 Kalyankar et al. (2008) found the highest biological yield in soybean with 

the foliar application of 50 ppm NAA (48.59 kg ha-1). Kadam et al. (2008) studied 

the effect of NAA (30 ppm) and found that NAA is effective in increasing the 

number of pods per plant, number of grains per pod, dry matter and grain yield. 

The increase in grain and straw yields with enhanced nutrient application could be 

ascribed to increase in the activity of cytokinin in plant which leads to the 

increased cell division and elongation thereby results in better plant growth, 

drymatter production and higher photosynthesis (Prasad et al., 2016).  

Girisha (2010) observed that application of NAA at 20 ppm resulted in 

significantly higher seed yield (4.59 g per plant) in blackgram. According to 

Rhodes and Ashworth (1952), the metabolism of NAA (auxin derivative) 

generates the energy-rich phosphate and precursors of metabolic processes, which 

may be the factors in the initiation of enhanced growth processes. The increased 

growth and delayed senescence in turn, favoured increase in yield as most of the 

assimilates were translocated from the source to the sink under a stimulated 

environment. Limbikai (2012) reported that foliar spray of 2 per cent DAP + 40 

ppm NAA at 45 and 55 DAS recorded significantly higher seed yield              
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(1202 kg ha-1). Doss et al. (2013) recorded maximum grain yield with the foliar 

application of 1 per cent K + 200 ppm NAA on blackgram. This increase in yield 

could be associated with photosynthetic efficiency and translocation of 

photosynthates. This was attributed to mobilization of food materials to 

reproductive sink for perfect seed filling process by increasing hydrolyzing and 

oxidative enzyme activities.  

Shashikumar et al. (2013) recorded foliar spray of 40 ppm NAA + 0.5 per 

cent chelated micronutrient + 2 per cent DAP given at 35 and 50 DAS recorded 

significantly higher total dry matter production (15.98 g per plant) and grain yield 

(1298 kg ha-1) in blackgram. Application of NAA at 20 ppm at flower initiation 

recorded the highest number of pods per plant, seeds per pod and seed yield in 

soybean (Ramesh et al., 2001). Kapase et al. (2014) found that foliar sprays of 50 

ppm NAA+400 ppm humic acid significantly enhanced number of pods per plant, 

100 seed weight and seed yield ha-1 in chickpea. 

Kashyap (2018) observed that foliar application of NAA (40 ppm) reduced 

flower drop in green gram and foliar application of applied NAA 40 ppm + zinc 

300 ppm produced the maximum yield (1.44 t ha-1).  

2.3.1.4 Effect on Quality Characters 

Upadhyay et al. (1993) reported an increase in protein content in chickpea 

with the application of NAA (100 ppm). According to Reddy and Shah (1984), 

the application of 50 ppm NAA did not influence the seed protein content 

significantly in groundnut. However, Ravikumar and Kulkarni (1988) opined that, 

NAA had no effect on protein and oil contents in soybean seeds. Application of 

50 ppm NAA + 6 per cent cow urine at 25, 40 and 55 DAS, registered higher seed 

protein content (Ingale, 2007). 

Ramesh and Ramprasad (2013) noted significant increase in the seed 

protein content with the application of NAA (20 ppm) on soybean. Kashyap et al. 
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(2016) recorded maximum protein content in green gram with NAA 40 ppm + 

zinc 300 ppm.  

Senthil et al. (2003) reported that application of NAA (50 ppm) recorded 

significantly higher soluble protein content than control in soybean. Esther and 

Gautam (2020) observed higher higher protein content (31.50%) in blackgram 

variety T9 with combination of recommended dose of fertilizers (25:50:25kg NPK 

ha-1), urea (2%) and NAA at 40 ppm.  

2.3.1.5 Effect on Soil Physico-chemical Properties 

Shashikumar et al. (2013) observed significantly higher available N and P 

content of soil (278.13 and 28.55 kg ha-1 respectively) with the application of  

RDF + foliar spray of 40 ppm NAA + 0.5 per cent chelated micronutrient + 2 per 

cent DAP in blackgram.  

2.3.1.6 Effect on Nutrient Uptake 

Shashikumar et al. (2013) reported that application of RDF + foliar spray 

of 40 ppm NAA + 0.5 per cent chelated micronutrient + 2 per cent DAP resulted 

in higher P and K uptake (88.32, 10.72 and 35.09 kg ha-1 respectively) in 

blackgram. 

 2.3.2 Effect of Salicylic Acid  

Salicylic acid (SA) naturally occurs in plants in very low amounts and 

participates in the regulation of physiological processes such as stomatal closure, 

nutrient uptake, protein synthesis and inhibition of ethylene biosynthesis and 

transpiration (Shakirova et al., 2003). Huang et al. (2008) studied salicylic acid 

and mentioned its role in plant signaling, growth and development. Salicylic acid 

contains GA and IAA which promotes cell replication. Salicylic acid (from Latin 

salix, willow tree, from the bark of which the substance used to be obtained) is a 

monohydroxybenzoic acid, a type of phenolic acid and a beta hydroxy acid. This 
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colourless crystalline organic acid functions as a plant hormone. It is derived from 

the metabolism of salicin. 

2.3.2.1 Effect on Growth Characters 

Sujatha (2001) found that foliar application of salicylic acid (100 ppm) on 

green gram at 75 DAS increased the plant height (50.4 cm), root length (16.9 cm) 

and number of leaves (18.4 cm). Kothule et al. (2003) reported that plant growth 

substances of different concentrations i.e., NAA and salicylic acid each at 100 and 

200 ppm and urea at 1 and 2 per cent when applied exogenously as foliar spray 

improved morphological characters viz., plant height, number of branches, leaf 

area, total dry matter of plant and reduced the number of days to 50 per cent 

flowering in soybean. 

Increased dry matter production (21.6 g per plant) in blackgram was 

recorded by the application of salicyclic acid (125 ppm) by Jeyakumar et al. 

(2008). Afshari et al. (2013) observed the highest leaf area with the application of 

salicylic acid in blackgram. 

Ali and Mahmoud (2013) showed that foliar application of salicylic acid 

500 ppm significantly enhanced plant height and number of branches per plant as 

compared with control in mung bean. 

Kumar et al. (2018) reported that significantly higher number of branches 

was observed with the foliar application of 150 ppm salicylic acid at 40 DAS, 55 

DAS and maturity in blackgram. Similarly increased number of branches in 

blackgram in foliar spray of salicylic acid 150 ppm at 40, 55 DAS was observed 

by Manjri et al. (2018).  

2.3.2.2 Effect on Physiological Characters  

Sujatha (2001) found that foliar application of salicylic acid (100 ppm) at 

75 DAS increased LAI (21.30) in green gram. Sivakumar et al. (2001) observed 
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enhanced soluble protein content and the nitrate reductase activity with 

application of salicylic acid (100 ppm).  

Maity and Bera (2009) reported that foliar application of salicylic acid 

influenced different physiological and biochemical aspects of green gram by 

increasing assimilation rate which revealed increase in chlorophyll content and 

hill reaction activity in the leaf. Enhanced photosynthetic rate, stomatal 

conductance and transpiration rate with foliar application of salicylic acid was 

reported in soybean by Khan et al. (2010). Amutha et al. (2012) found that foliar 

spray of nutrients mixture with salicylic acid 100 ppm at 20, 30 and 40 DAS 

recorded higher LAI, LAD and SLW in urd bean.   

Afshari et al. (2013) observed the highest values for net photosynthesis 

rate, transpiration rate and proline concentration with the application of salicylic 

acid in blackgram. Esther and Gautam (2020) observed the highest RGR (0.091 g 

g-1 day-1) at 45-60 DAS due to the foliar application of urea + salicyclic acid at 50 

ppm. 

2.3.2.3 Effect on Yield Attributes and Yield  

According to Singh et al. (1980), foliar spray of salicylic acid (5 ppm) 

increased the number of pods per plant, number of grains per pod and finally seed 

yield in Bengal gram. Singh and Kaur (1980) observed higher seed yield in green 

gram due to the application of salicylic acid (10 ppm). Kumar et al. (1999) 

reported that application of salicylic acid (50 ppm) showed significant increase in 

pod weight, number of pods per plant and grain yield in soybean. Sujatha (2001) 

reported that foliar application of salicylic acid (100 ppm) on green gram at 75 

DAS increased number of pods per plant, number of seeds per pod, seed weight 

per plant, 100 seed weight and grain yield.  

Kothule et al. (2003) found that foliar application of NAA and salicylic 

acid each (100 and 200 ppm) and urea (1% and 2%) reduced the number of days 

to 50 per cent flowering in soybean. Chandrasekhar and Bangarusamy (2003) 
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observed that the combination of salicylic acid (100 ppm), DAP (2%), KCl (1%) 

and NAA (40 ppm) had influenced the total dry matter production and increased 

grain yield in mung bean. Similarly, Radhamani et al. (2003) reported higher dry 

matter accumulation with salicylic acid spray (100 ppm) in green gram. 

Reddy et al. (2003) found increased seed yield with the foliar application 

of salicylic acid on ground nut. Enhanced seed yield was observed by Mandavia et 

al. (2006) in chickpea when salicylic acid applied was as foliar spray. Murtaza et 

al. (2007) noted enhanced yield and yield components in pea plant treated with 

salicylic acid. Jeyakumar et al. (2008) reported that the application of salicylic 

acid (125 ppm) as foliar spray enhanced the total dry matter production and seed 

yield in blackgram. Patel and Hemantaranjan (2012) found that the seed yield was 

increased by the application of salicylic acid in chickpea. 

Amutha et al. (2012) recorded significantly higher total dry matter 

accumulation and seed yield of urd bean with foliar spray of nutrient mixture with 

salicylic acid (100 ppm) at 20, 30 and 40 DAS. TNAU (2012) advocate foliar 

spray of NAA (40 mg L-1) and salicylic acid (100 mg L-1) once at pre-flowering 

and another at 15 days later to increase flower production and pod setting in 

blackgram. 

Ali and Mahmoud (2013) showed that foliar application of salicylic acid 

500 ppm significantly increased number of pods per plant, number of seeds per 

pod, 1000 seed weight, seed weight per plant and seed yield per hectare in mung 

bean. Marimuthu and Surendran, (2015) found that application of MAP, DAP, 

brassionolide (0, 25 ppm), SA (100 ppm) and nutrient mixture increased the 

number of pods, yield of blackgram and BC ratio. 

Manjri et al. (2018) observed that foliar spray of salicylic acid 150 ppm at 

40, 55 DAS recorded maximum seed yield in blackgram. Kumar and Simainya 

(2019) reported the highest number of pods per plant with the application of 

salicylic acid 100 ppm at flowering in blackgram.   
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2.3.2.4 Effect on Quality Characters 

Sujatha (2001) revealed that foliar application of salicylic acid (100 ppm) 

on green gram at 75 DAS increased seed protein (23.98%) and soluble protein 

(12.9%). Mandavia et al. (2006) found the protein content was increased with 

salicylic acid treatment (50 ppm and 100 ppm). Jeykumar et al. (2008) reported 

that the highest seed protein content in blackgram was recorded (24.5%) by foliar 

application of salicyclic acid (125 ppm).  

2.3.2.5 Effect on Nutrient Uptake 

Combined application of DAP (2%) + salicylic acid (100 ppm) + 0.05% 

sodium molybdate increased the nutrient N, P and K uptake in green gram 

(Kuttimani and Velayutham, 2011). 

The above reviewed literature reveals the scope of intercropping in 

coconut garden and the effect of foliar nutrition and PGR on enhancing yield. 

However, the research work pertaining to the identification of blackgram varieties 

tolerant to shade is limited. Also, blackgram being a source limited crop with 

reduced sink activity, the role of nutrients and PGRs in enhancing the yield need 

to be investigated. Hence the present study on identification of shade tolerant 

varieties and effect of foliar nutrition and PGRs in enhancing productivity of 

blackgram in coconut garden was undertaken.  



 
 
 
 
 
 
 
 
 
 
 
MATERIALS AND METHODS 
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 3. MATERIALS AND METHODS 

The present study entitled ‘Productivity enhancement of blackgram (Vigna 

mungo (L.) Hepper) intercropped in coconut gardens’ was carried out at College of 

Agriculture, Vellayani during 2018-2021. The research programme aimed at 

identifying shade tolerant blackgram varieties suitable for coconut gardens, studying 

the effect of foliar nutrition and plant growth regulators on growth and yield of 

blackgram intercropped in coconut garden and working out the economics of 

cultivation.  The materials used and the methods adopted for the study are detailed in 

this chapter. 

3.1 DETAILS OF EXPERIMENT 

3.1.1 Experimental Site 

 The field experiment was conducted at the Instructional Farm attached to the 

College of Agriculture, Vellayani, Kerala, India. It is located at 8o25’57” N latitude 

and 76o5’6” E longitude and at an altitude of 29 m above mean sea level. 

3.1.2 Climate  

 The experiment was conducted during three seasons, viz., Rabi 2019-20 

(October to January), summer 2020 (February - May) and Rabi 2020-21 (October to 

January). The standard weekwise data on weather parameters viz., temperature, 

relative humidity and rainfall during the cropping season, collected from Department 

of Agricultural Meteorology, College of Agriculture, Vellayani, are presented in 

Appendix I, II and III and graphically represented in Fig. 1a and 3b. 
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3.1.3 Soil 

The composite soil samples drawn from a depth of 0-15 cm soil was used for 

analyzing the mechanical composition and chemical properties before conducting the 

experiment and the data is furnished in Table 1. Soil of the experimental site was 

sandy clay loam in texture, belonging to the order Oxisols under Vellayani series. 

3.1.4 Cropping History of the Experimental Site 

 The experimental field was previously under fallow for two months after the 

harvest of baby corn and amaranthus. 

3.1.5 Cropping Season 

 The field experiments were conducted during three seasons with experiment I 

during Rabi 2019-20 (October to January) and experiment II during Summer 2020 

(February - May) and Rabi 2020-21 (October to January).   

3.2 MATERIALS 

3.2.1 Crop and Varieties 

 Seeds of twelve promising blackgram varieties along with three cultures were 

used for the study. The seeds of varieties were collected from Tamil Nadu 

Agricultural University (TNAU), Coimbatore, University of Agricultural Sciences 

(UAS), Dharwad, Panjabrao Deshmukh Krishi Vidhyapeeth (PDKV), Akola and 

University of Agricultural Sciences (UAS) Bangalore. The important characteristics 

of the varieties are given in Table 2. The cultures used were Culture 4.5.8, 4.5.18 and 

4.6.1. The Cultures 4.5.8 and 4.5.18 (both were parental cross of T9 x Rusami) and 

Culture 4.6.1 (parental cross of Sumanjana x T9) were developed at Kerala 

Agricultural University, College of Agriculture, Vellanikkara, Thrissur.  
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Fig. 1a Weather conditions during the cropping season (October 2019 - January 2020) 
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Fig. 1b Rainfall during the cropping season (October 2019 - January 2020) 
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Table 1. Physico - chemical properties of the soil in the experimental field 

Characteristics Content (%) Method 

Mechanical composition 

Coarse sand  

Fine sand 

Silt 

Clay  

 

16.70 

30.38 

25.50 

26.50 

 

 

 

International pipette method 

(Piper, 1966) 

Textural class Sandy clay loam 

Particular EXPT I EXPT II Reference 

Soil reaction 

(pH) 

6.1 

(Slightly 

acidic) 

5.9 

(Moderately 

acidic) 

pH meter with glass electrode 

(Jackson, 1973) 

Electrical 

conductivity 

(dS m-1) 

0.155 

(Safe) 

0.145 

(Safe) 

Digital conductivity meter   

(Jackson, 1973) 

Organic carbon 

(%) 

0.92 

(high) 

0.93 

(high) 

Walkley and Black Rapid Titration method 

(Jackson,1973) 

Available N 

(kg ha-1) 

188.16 

(low) 

191.30 

(low) 

Alkaline permanganate method 

 (Subbiah and Asija, 1956) 

Available P 

(kg ha-1 

31.25 

(high) 

33.21 

(high) 

Bray colorimetric method 

(Jackson, 1973) 

Available K 

(kg ha-1) 

340.14 

(high) 

345.24 

(high) 

Neutral normal ammonium acetate using flame 

photometer method (Jackson, 1973) 
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 Table 2. Characteristics of blackgram varieties used for screening shade tolerance 

Sl 

no. 
Variety Selection/Parentage 

Year of 

release 

Duration 

(Days) 

Yield 

(kg ha-1) 
Remarks Seed source 

1. TAU 1 T 9 x UM 196 1985 65-70 1000-1200 Bold seed, fast growth PDKV, Akola 

2. TAU 2 T 9 x U 196 1993 70 1000 Purplish black pods, seeds bold PDKV, Akola 

3. Sumanjana 
Pure line selection 

from Co Bg9 
2000 75 933 

Suited to summer rice fallows of 

Thiruvananthapuram 
KAU 

4. AKU  15 TAU 1 x Pant U 31 2006 65-83 1000-1200 Kharif, tolerant to powdery mildew PDKV, Akola 

5. VBN 5 CO 4 x PDU 102 2007 65-70 836 

Hairy pods, 100 grain weight - 4 g, 

moderately resistant to yellow mosaic 

virus 

NPRC, Vamban 

6. DU 1 TAU 1 x 169  2008 75-80 1000-1200 
Suited to paddy fallows, tolerant to stem 

fly 
UAS Dharwad 

7. CO 6 DU 2 x VB 20 2010 60-65 733 
Moderately resistant to yellow mosaic 

virus 
TNAU 

8. Rashmi LBG 17 x UG 201 - 80-85 1000 Hairy pods, protein 20-25% UAS, Bangalore 

9. VBN  6 VBN 1 x UK 17 2011 65-70 850 

Hairy pods, synchronized pod maturity, 

moderately resistant to yellow mosaic 

virus 

NPRC, Vamban  

10 DBGV 5 TAU 1 x LBG 20 2012 82-85 1200 
Moderately resistant to yellow mosaic 

virus 
UAS Dharwad 

11. VBN 8 VBN 3 / VBN 04-008 2016 65-75 900 

Non shattering, synchronous maturity, 

protein content - 21.9 %, arabinose 

content - 7.5% 

NPRC, Vamban 

12. Blackgold AKU- 10 -1 2016 70-75 1000-1100 Tolerant to powdery mildew PDKV, Akola 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DBGV - 5 SUMANJANA DU 1 

VBN 6 

TAU 1 

VBN 8 

Blackgold AKU 15 

Culture 4.8.1 Culture 4.5.18 Culture 4.6.1 

VBN 5 

TAU 2 Rashmi CO 6 

Plate 1. Seeds of selected blackgram varieties and cultures 
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3.2.2 Rhizobium Culture  

 Rhizobium culture containing strain BMBS 47 suitable for inoculation of 

blackgram was procured from Tamil Nadu Agricultural University, Department of 

Agricultural Microbiology, Coimbatore. 

3.2.3 Manures and Fertilizers 

Dried cow dung powder with a nutrient content of 0.45, 0.17 and 0.50 per cent 

N, P2O5 and K2O was used for the experiment. Urea (46% N), rajphos (20% P2O5) 

and muriate of potash (60% K2O) respectively were used as the inorganic sources of 

N, P and K. Water soluble fertilizers, viz., 19:19:19 (NPK) and potassium sulphate 

(K2SO4) containing 50 per cent K2O were used as nutrient sources for foliar 

treatments. Plant growth regulators viz., naphthalene acetic acid (C10H12O2 with 

molecular weight of 186.21g from TCI Chemicals Ltd.) and salicylic acid (99.5% AR 

grade from LOBA chemicals Ltd.) were used as sources of growth regulators for 

foliar application. 

3.3 METHODS 

3.3.1 Experiment I: Screening of Blackgram Varieties for Shade Tolerance 

(Micro Plot Study) 

3.3.1.1 Experimental Design and Layout 

Design  : RBD 

Treatments : 15 

Replications : 3 

Spacing  : 25 cm x 15 cm 
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Plot size : 1.0 m x 0.9 m 

Season  : Rabi 2019-20 

The field was laid out as per the design and micro plots of size 1.0 m x 0.9 m 

were taken. The layout of the field is given in Fig. 4. 

3.3.1.2 Treatments 

 Treatments comprised of 12 blackgram varieties along with three cultures. 

T1- Sumanjana   T6 - Culture 4.5.18  T11 - Rashmi 

T2 - DU 1              T7 - VBN 6   T12 - CO 6 

T3 - DBGV 5              T8 - VBN 8   T13 - Blackgold 

T4 - Culture 4.6.1  T9 - VBN 5   T14 - TAU 1 

T5 - Culture 4.5.8  T10 - TAU 2    T15 - AKU 15 

3.3.1.3 Shade Level Assessment 

 Coconut garden with palms of uniform age (45-50 years old), planted at a 

spacing of 7.6 m x 7.6 m was selected for screening. The shade level was assessed 

using light meter and light intensity of 56.25 klux equivalent to 50 per cent of that in 

open condition was recorded in the garden.  

3.3.1.4 Field Preparation 

 The inter spaces of coconut palms were cleared by weeding and stubble 

removal, followed by cultivator ploughing and levelling using rotavator for easy seed 

bed preparation. From the base of the palm, two-meter radius was left to avoid 

interruption from coconut roots so that growth and development of intercrop was 
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Fig. 4 Layout of experiment I (Rabi 2019-20) 
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Plate 2. Field view of the selected coconut garden 

Plate 3. Layout of the experimental field (Experiment I) 



39 
 

unaffected. Hence in between two coconut palms, 3.6 m space was utilized for 

sowing. Micro plots of 0.9 m2 were taken and lime @ 250 kg ha-1 incorporated in the 

soil.   

3.3.1.5 Application of Manures and Fertilizers 

Dried cow dung powder @ 20 t ha-1 was applied uniformly to all the plots and 

mixed well. A nutrient dose of 20: 30: 30 kg NPK ha-1 was adopted. Half the dose of 

N, full dose of P and K were applied as basal and the remaining N was applied as two 

foliar sprays of one per cent urea at 15 and 30 days after sowing (KAU, 2016). 

3.3.1.6 Sowing of Seeds 

 The seeds of blackgram varieties were inoculated separately with Rhizobium    

culture BMBS 47 @ 250 g ha-1 and shade dried for 30 minutes. The seeds of each 

variety were sown on the beds at a spacing of 25 cm x 15 cm on 2nd October 2019 

followed by irrigation. 

3.3.1.7 Aftercultivation 

Seed germination per cent was recorded from three days after sowing (DAS). 

The crop was thinned one week after emergence to maintain optimum plant 

population. Two weedings were done at 15 and 30 DAS respectively. Two 

irrigations were given, one immediately after sowing and another at flowering.  At 

20 DAS, three plants in each plot were randomly selected and tagged as 

observational plants. The general view of the experimental site and crop at various 

stages of growth are presented in Plate 4a to 4c. 

3.3.1.8. Plant Protection 

 Tobacco caterpillar (Spodoptera litura) incidence noticed at 20 DAS was 

controlled using quinolphos 25 EC (KRUSH) @ 2 mL L-1 and the incidence of 
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spotted pod borer (Maruca vitrata) at pod maturity stage was controlled using 

chlorantraniliprole 18.5 SC (CORAGEN®) @ 3 mL 10 L-1 and thiomethoxam  

(ACTARA 25% WG) @ 0.25 mL L-1. Collar rot disease caused by Rhizoctonia 

solani was managed by spraying carbendazim (BAVISTIN 50 WP) @ 1g L-1.  

3.3.1.9 Harvest 

 Harvest of pods was completed with three pickings. One day prior to harvest, 

the observational plants were pulled out and the yield attributing characters and root 

characters were recorded. The crop duration ranged from 90-110 days among the 

varieties. The dry pods from individual net plot area were picked, sun dried and 

threshed separately to determine seed yield. The plant residues in the net plot area 

were uprooted, dried, and weighed to record haulm yield.   

3.3.2 Experiment II: Performance Evaluation of Shade Tolerant Varieties under 

Foliar Application of Nutrients and Growth Regulators in Rainfed Coconut 

Garden 

3.3.2.1 Experimental Design and Layout 

The details of the field experiment are 

Design  :  Split-plot design 

Treatments            : 30 (Main plot - 5; Subplot - 6) 

Replications :  4 

Spacing    : 25 cm x 15 cm 

Plot size  : 6 m x 3 m 

Season  :  Summer 2020 

            Rabi 2020-21 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Plate 4a.  Blackgram varieties and 

cultures at seedling stage (5 DAS) 

Plate 4b Blackgram varieties and 

cultures at vegetative stage (1 MAS) 

 

Plate 4c General view of the experimental field during Rabi 2019 
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3.3.2.2 Treatments 

 The treatments included five main plot treatments and six subplot treatments.  

Main plot treatments -Varieties (V) - 5  

The best performing five varieties from experiment I based on yield were 

selected for the conduct of experiment.  

v1 - Sumanjana  

v2 - DBGV 5  

v3 - VBN 5 

v4 - VBN 6   

 v5 - CO 6 

Subplot treatments - Foliar spray (F) - 6 

f1 - Foliar spray of 19:19:19 @ 1% at 45 and 60 DAS 

f2 -Foliar spray of SOP @ 0.5% at 45 and 60 DAS 

f3- NAA 40 mg L-1 and salicylic acid 100 mg L-1 at pre-flowering (30-45 DAS) and 

15 days later 

f4 - f1 + f3 

f5 - f2 + f3 

f6 - Control (KAU POP) 

* SOP - Sulphate of potash 
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* NAA - Naphthalene acetic acid 

Control (KAU POP) : NPK @ 20: 30: 30 kg NPK ha-1  with half N, full P and K applied as 

basal in soil and remaining N as two foliar sprays of one per cent urea at 15 and 30 

days after sowing 

Treatment combinations: 30  

v1f1         v2f1      v3f1       v4f1      v5f1 

v1f2         v2f2         v3f2         v4f2      v5f2 

v1f3         v2f3         v3f3         v4f3         v5f3  

v1f4         v2f4         v3f4         v4f4         v5f4 

v1f5         v2f5         v3f5         v4f5         v5f5 

v1f6         v2f6         v3f6         v4f6         v5f6 

3.3.2.3 Details of Cultivation 

 The coconut garden selected for the initial screening of varieties was cleared 

and used for raising the crop in the second experiment. 

3.3.2.4 Field Preparation 

 The field was ploughed twice using cultivator and the plots were levelled 

using rotavator, for easy bed preparation. Lime @ 250 kg ha-1 was applied uniformly 

to the soil and mixed well, followed by light irrigation. A radius of two metres was 

left from the base of each coconut palm and beds of size 6 m length and 3 m width 

were taken as main plots in the interspace between coconut palms. The main plot was 

later divided into subplots of size 3 m x 1 m. The field layout is given in Fig. 5. 



Fig. 5 Layout of experiment II (summer 2020 and Rabi 2020-21) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Plate 5a Layout of the experimental field (Experiment II) 

 

Plate 5b Rhizobium treatment and sowing of blackgram varieties (Experiment II) 



 

 

 

 

Plate 6a General view of the experimental field during summer 2020 

Plate 6b General view of the experimental field during Rabi 2020-21 
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3.3.2.5 Application of Manures and Fertilizers 

Dried cowdung powder @ 20 t ha-1 was applied uniformly, mixed well and a 

nutrient dose of 20: 30: 30 kg NPK ha-1.  Half the dose of N, full dose of P and K 

were given as basal and remaining N was applied as two foliar sprays in the form of 

urea (2%) at 15 DAS and 30 DAS (KAU, 2016). The foliar fertilizers, 19:19:19 and 

SOP and the plant growth regulators, NAA and SA were sprayed as per the 

treatments to the respective subplots at specified concentration. 

3.3.2.6 Sowing of Seeds 

 The seeds of five varieties were separately inoculated with Rhizobium culture 

250 g ha-1 and shade dried for 30 minutes. The varieties were sown on 15th February 

2020 during summer and 24th October 2020 during Rabi in the respective main plots 

at a spacing of 25 cm x 15 cm. Light irrigation was provided after sowing.  

3.3.2.7 Aftercultivation 

Same as experiment I 

3.3.2.8 Plant Protection 

The incidence of powdery mildew was noticed at 20 DAS and was controlled 

by spraying carbendazim (BAVISTIN 50 WP) @ 1g L-1. At pod maturity stage, 

incidence of spotted pod borer (Maruca vitrata) was noticed and controlled using 

chlorantraniliprole 18.5 SC (CORAGEN®) @ 3 mL 10 L-1.  

3.3.2.9 Harvest 

Harvesting and separation of seeds were done as detailed in experiment I.  
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3.4 OBSERVATIONS 

 Leaving the single row of plants on the plot borders, three representative 

plants remaining diagonally in the same direction selected at random from each net 

plot were tagged as observational plants for recording biometric observations.  

Experiment I 

3.4.1 Growth Characters 

 Growth characters were recorded at monthly intervals from three 

observational plants and mean values worked out. 

3.4.1.1 Plant Height 

Plant height was taken from the base to the growing tip of the observational 

plants at monthly intervals and the average height at each stage was expressed in cm. 

3.4.1.2 Number of Leaves per Plant 

  The mean values for the number of trifoliate leaves per plant were computed 

from the observational plants, at monthly intervals and recorded. 

3.4.1.3 Number of Branches per Plant 

  Number of branches from observational plants were recorded and average 

number of branches per plant was worked out.   

3.4.1.4 Leaf Area Index  

  Leaf area per plant was calculated at 50 per cent flowering using the length 

and breadth measurement method and expressed in cm2. 

     Leaf area = L x B x K x n 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

(b)Treatment application (a)Urea spray at 15 DAS 

(c) Measurement of stomatal conductance 

Plate 7. Stages of field experimentation (Experiment II) 



 

Harvest 
of the 
crop 

Plate 8. Harvest of the crop 
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where,  

  L = length of leaf (cm) 

  B = breadth of leaf (cm) 

  K (constant value) = 0.631 (Montgomery, 1911) 

  n = number of leaves 

  Using the calculated value of leaf area per plant, leaf area index (LAI) was 

computed with the formula,  

                       Leaf area per plant (cm2)                                            

   Land area occupied by the plant (cm2) 

3.4.1.5 Number of Nodules per Plant 

  The number of nodules per plant was counted at flowering stage. Two plants 

were uprooted from each net plot area and roots were washed thoroughly to remove 

dirt and soil particles. The nodules from each plant were removed and counted 

separately and average values recorded. 

3.4.1.6 Dry Weight of Nodules per Plant at flowering 

  The nodules separated from each plant at flowering stage were oven dried at 

(65 ± 5)ºC to constant weight and the weight of nodules per plant was recorded and 

expressed in g. 

3.4.2 Root Characters (At Harvest) 

3.4.2.1 Rooting Length 

  At harvest, three plants at random were uprooted from each plot. The length 

of the root was measured after washing to remove soil particles and dirt. The 

average rooting length was calculated and expressed in cm. 

LAI = 
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3.4.2.2 Root Volume  

Root volume was measured by water displacement method (Mishra and 

Ahmad, 1990). The roots of the observational plants washed with water and made 

free of adhering soil was immersed in a graduated cylinder containing water. Volume 

of the displaced water was taken as the volume of the root and its average was 

expressed in cm3.  

3.4.2.3 Root Dry weight 

  At harvest, three plants were uprooted from uniform soil depth in each plot at 

random.  The roots of the plants were washed and made free of soil particles and 

dried in hot air oven at (65 ± 5) ºC to constant weight and expressed in g. 

3.4.3 Physiological Characters (At Flowering) 

3.4.3.1 Photosynthetic Rate 

 Photosynthetic rate was measured during the morning hours between 11 am 

and 1 pm using Portable Photosynthetic System (CIRAS-3, PP systems U.S.A) and 

the values were expressed in µ CO2 moles m-2 s-1. 

3.4.3.2 Leaf Area Duration  

 Leaf area duration (LAD) is the measure of its ability to produce leaf area on 

unit area of land throughout its life. Using the values of leaf area, recorded at 30, 45 

and 60 DAS, LAD was calculated with the equation proposed by Watson (1947) and 

expressed in days.  The equation is: 

                       (L1 + L2)       

               2 

where, L1 and L2 are the leaf area index at the t1 and t2 time respectively.  

(t2 - t1) 
LAD = 
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3.4.3.3 Chlorophyll Content 

The total chlorophyll content at flowering was estimated by the method 

suggested by Arnon (1949) in which, the fully opened second leaf from the top of 

plants were used and the values expressed in mg g-1 of fresh weight of leaf. 

 8.02 A 663 + 20.20 A645    x V  

             1000 x W 

where,  

A: Absorbance at specific wavelengths 

V: Final volume (mL) of chlorophyll extracted in 80 per cent acetone  

W: Fresh weight (g) of tissue extracted in 80 per cent acetone  

3.4.3.4. Stomatal Index  

Stomatal index is the ratio of the number of stomata formed to the total 

number of epidermal cells, expressed in percentage where, each stoma being counted 

as one cell. It was computed at flowering using the following equation: 

`                   S        

 E + S 

where, 

I: Stomatal index 

S: No. of stomata per unit area 

E: No. of epidermal cells in the same unit area 

3.4.3.5 Proline Content 

 Proline content at flowering was estimated using the procedure described by 

Bates et al. (1973). A known amount (0.5 g) of mid-leaf portion, homogenized with 

I   = x 100 

Total chlorophyll   =   

= 
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10 mL of 3 per cent aqueous sulphosalicylic acid was centrifuged at 3000 rpm for 15 

minutes. Two mL of the supernatant, mixed with an equal amount of glacial acetic 

acid and acid ninhydrin were allowed to react at 1000C for one hour in water bath. 

The reaction was terminated by keeping it in ice bath for 10 minutes and the reaction 

mixture was mixed with 4 mL toluene using vortex mixture for 15 - 20 seconds. The 

chromophore containing toluene, aspirated from aqueous phase and warmed to room 

temperature was utilised for reading the optical density at 520 nm with toluene as 

blank. A standard curve of concentration verses absorbance was drawn. 

From the graph, the concentration of proline was determined and expressed as 

                                              [μg proline /mL x mL toluene] x 5  

                                                 115.5 x weight of sample (g)                                         

where, 115.5 is the molecular weight of proline. 

3.4.4 Yield Parameters 

3.4.4.1 Days to 50 Per Cent Flowering 

 The number of days taken by 50 per cent of plants to flower was recorded. 

3.4.4.2 Number of Pods per Plant 

 Pods collected separately from the observational plants from each plot were 

counted and the mean worked out and recorded. 

3.4.4.3 Number of Seeds per Pod 

 Pods used for measuring the pod length were threshed separately and the 

number of seeds in each pod was counted and the mean value worked out. 

 

μ moles g-1 tissue   =  
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3.4.4.4 Average Length of Pod 

 Ten pods selected at random from the observational plants of each treatment 

were used for taking length measurements whose averages were worked out and 

expressed in cm. 

3.4.4.5 Hundred Seed Weight 

 Weight of 100 bold fully filled blackgram seeds, selected from each net plot, 

were recorded and expressed in g. 

3.4.4.6 Seed Yield per Plant 

 The observational plants of each variety were harvested, threshed and dried to 

a moisture content of 12 per cent. The seeds thus obtained were weighed and the 

average weight expressed as g per plant. 

3.4.4.7 Haulm Yield per Plant 

 Seeds of the harvested observational plants were separated and the remaining 

plant portions were dried to record the haulm yield per plant as g per plant.  

3.4.4.8 Seed Yield  

 After drying the seeds to a moisture content of 12 per cent, the seeds obtained 

from each net plot were weighed separately and expressed in kg ha-1. 

3.4.4.9 Haulm Yield  

 Seeds of the harvested plants from each net plot were separated and the 

remaining plant portions were dried under sun and weighed to record haulm yield in 

kg ha-1.  
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3.4.4.10 Harvest Index 

 Harvest index was worked out on the basis of the economic (seed) and 

biological (haulm) yields from the net plot, using the formula suggested by 

Nichiporovich (1960).  

            Seed yield           

           (Seed yield + Haulm yield) 

3.4.5 Dry Matter Partitioning at Harvest 

3.4.5.1 Shoot Weight  

From the dried sample of the whole plant, shoot weight was recorded and 

expressed in g per plant. 

3.4.5.2 Root Weight  

From the dried sample of the whole plant, root weight was recorded and 

expressed in g per plant. 

3.4.5.3 Leaf Weight  

From the dried sample of the whole plant, leaves were separated for recording 

the leaf weight and values expressed in g per plant. 

3.4.5.4 Pod Weight  

From the dried whole plant sample, the pods were separated for recording pod 

weight and the values expressed in g per plant. 

 

 

HI = 
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3.4.5.5 Seed Weight  

Seeds obtained from the dried pods were used to record seed weight and 

values expressed in g per plant. 

3.4.5.6 Total Dry Matter  

Observational plants uprooted from each plot separated into different plant 

parts were sun dried and oven dried at (65 ± 5)0C for 48 hours to constant weight. 

The weight of different plant parts was added to obtain the total dry matter and 

expressed in g per plant. 

3.4.6 Light Intensity (klux) and Photosynthetically Active Radiation (µ moles m-2 s-1)  

The total light intensity was measured using light meter (Model LI – 250) 

according to the procedure suggested by Thavaprakash and Velayudham (2007). The 

photosynthetically active radiation (PAR) was measured using Quantum Sensor.  

EXPERIMENT II 

3.4.7 Growth Characters 

Five observational plants from each subplot were tagged and growth 

characters viz., plant height, number of leaves per plant, number of branches per plant 

at monthly intervals and leaf area index, number and dry weight of nodules per plant 

at flowering were recorded similar to Experiment I.    

3.4.8 Root Characters  

The root characters were recorded at harvest similar to Experiment I.  
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3.4.9 Light Intensity and Photosynthetically Active Radiation  

The light intensity and PAR at monthly interval were measured using light 

meter and quantum sensor respectively. 

3.4.10 Physiological Characters (30 DAS, 60 DAS and At Harvest) 

3.4.10.1. Crop Growth Rate  

Crop growth rate (CGR) refers to the overall increase in the dry weight of a 

crop plant per unit land area per unit time with the help of the formula suggested by 

Leopold and Kridemann (1975). It is expressed as g m-2day-1.  To work out CGR, one 

plant each was uprooted at 30, 45, 60 and 75 DAS from uniform soil depth in each 

net plot and dried at (65 ± 5)ºC to a constant weight. CGR was worked out between 

30-45, 45-60 and 60-75 DAS using the formula 

                W2 − W1   

                                                     P (t2 – t1) 

where,   

W2 and W1: Total dry weight of the plant at the time t2 and t1 respectively  

P: Ground area 

3.4.10.2 Relative Growth Rate  

Relative growth rate (RGR) refers to the rate of increase in the dry weight of a 

crop plant in relation to its initial dry weight, calculated using the formula given by 

Williams (1946) and expressed as g g-1 day-1. To work out RGR, one plant each was 

uprooted at 30, 45, 60 and 75 DAS from net plot at uniform soil depth and dried at 

(65 ± 5)ºC to reach a constant weight. RGR was worked out between 30-45, 45-60 

and 60-75 DAS using the formula 

CGR  =    
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               loge W2 - loge W1  

 t2 - t1 

where,  

W2 and W1: Whole plant dry weight at times t2 and t1 respectively  

t2 - t1: Time interval 

3.4.10.3 Specific Leaf Weight  

Specific leaf weight (SLW), calculated using the formula by Pearce et al. 

(1969) is a measure of leaf weight per unit leaf area, expressed in mg cm-2.  Length 

and breadth of leaf and total number of leaves of a plant at 30, 45, 60 and 75 DAS 

were recorded. Leaves were dried in an oven at (65 ± 5) ºC to constant weight and 

SLW was calculated using the formula 

            Leaf dry weight per plant  

                                                   Leaf area per plant 

3.4.10.4 Net Assimilation Rate   

Net assimilation rate (NAR) denotes the rate of increase in total dry weight 

per unit leaf area per unit time. It was calculated based on the formula given by 

Williams (1946) and expressed in g cm-2 day-1. One plant was pulled out from each 

net plot at a uniform depth at 30, 45, 60 and 75 DAS and observations on length, 

breadth and number of leaves were taken. Then plant was oven dried at (65 ± 5) ºC to 

constant weight and NAR was calculated using the formula 

                 (W2 - W1)             (loge L2 - loge L1)             

   (t2 - t1)                      (L2 - L1) 

where,  

RGR  =    

SLW  =    

NAR  =    x    
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loge L2: Natural log of leaf area at time t2  

loge L1: Natural log of leaf area at time t1  

L2 and L1: Leaf area at times t2 and t1 respectively 

W2 and W1: Plant dry weight at times t2 and t1 respectively  

t2 - t1: Time interval 

3.4.10.5 Chlorophyll Content  

Chlorophyll content at flowering was measured and expressed in mg g-1 of 

fresh tissue. 

3.4.10.6 Stomatal Index 

Stomatal index at flowering was computed by counting the number of 

stomatal cells and epidermal cell and expressed it as per cent.  

3.4.10.7 Stomatal Conductance  

 Stomatal conductance was measured at flowering during morning hours 

between 9 a.m. and 11 a.m. using Portable Photosynthetic System (CIRAS-3, PP 

systems U.S.A) and expressed in m moles m-2 s-1. 

3.4.10.8 Soluble Protein 

Soluble protein content in the leaf at flowering was estimated using Folin-

Ciocalteau reagent at 660 nm following the procedure of Lowry et al. (1950).  Leaf 

sample weighing 250 mg was macerated with 10 mL of phosphate buffer and was 

centrifuged at 3000 rpm for 10 minutes. The supernatant was collected and made up 

to 25 mL using phosphate buffer. One mL of the supernatant was taken and 5 mL of 

alkaline copper tartarate reagent was added and was mixed with 0.5 mL of Folin-
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Ciocalteau reagent. The OD value at 660 nm was measured in the spectrophotometer. 

The soluble protein content was expressed in mg g-1 fresh weight by using bovine 

serum albumin as the standard. 

3.4.11 Yield Parameters: same as experiment I 

3.4.11.1 Total Dry Matter Production (TDMP) 

          Seed yield and haulm yield obtained from each net plot area were sun dried and 

oven dried at (65±5) ℃ for 48 hours to a constant weight and expressed in kg ha-1. 

3.4.12 Quality parameters 

3.4.12.1 Grain Dry Matter 

 After weighing, the seed was dried in an oven to constant weight and the dry 

matter was expressed in percentage. 

3.4.12.2 Grain Protein 

 Grain protein content was calculated by multiplying nitrogen content with the 

factor 6.25 (Simpson et al., 1965) and expressed in percentage. 

3.4.12.3 Nitrate (NO3
-) Content 

 Nitrate content of the seed was estimated by the rapid colorimetric detection 

method and expressed as µg NO3
- g-1 (Cataldo et al., 1975). 

3.4.13 Chemical Analysis 

3.4.13.1 Soil Analysis 

     Soil samples were analysed both before and after the experiments to 

determine changes in pH, electrical conductivity, organic carbon and available NPK. 
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Standard procedure was followed for soil sample collection. The samples were sieved 

using a 2 mm sieve for pH, EC, available N, P and K estimation and, 0.5 mm sieve 

for organic carbon estimation. The analysis was done using standard procedure as 

shown in Table 1. 

3.4.13.2 Plant Analysis 

 The observational plants, uprooted separately from each plot at the time of 

final harvest was air dried and then oven dried at (65 ± 5)0C to a constant weight. 

Later it was ground to a fine powder and used for analyzing the total N, P and K 

content.  

3.4.13.2.1 Nitrogen Uptake 

 The total N content of shoot and seed was estimated by the Modified 

microkjeldahl method (Jackson, 1973). The N uptake was calculated by multiplying 

N content of shoot and seed with their TDMP and the sum was expressed in kg ha-1. 

3.4.13.2.2 Phosphorus Uptake 

 The total P content in the shoot and seed were estimated colorimetrically by 

the Vanadomolybdate phosphoric yellow colour method, after wet digestion. 

Intensity of the colour developed was read using spectrophotometer (Jackson, 1973). 

The total P uptake was then calculated by multiplying the P content of shoot and seed 

with their TDMP and the sum was expressed in kg ha-1. 

3.4.13.2.3 Potassium Uptake 

 The total K content in shoot and seed were estimated using Flame photometer 

(Jackson, 1973). The uptake was estimated by multiplying the K content of shoot and 

seed with their TDMP and the sum was expressed in kg ha-1. 
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3.4.14 Incidence of Pest and Diseases 

 Pest and disease incidence noticed during the cropping period were recorded 

and scored on the basis of damage caused.   

3.4.15 Economic Analysis 

 The economics of blackgram cultivation was worked out based on the cost of 

cultivation and prevailing market price of the produce.  

3.4.15.1 Net Income 

 After computing the cost of cultivation and gross income, the net returns 

obtained was found out using the formula: 

 Net income (₹ ha-1) = Gross income - cost of cultivation 

3.4.15.2 Benefit : Cost Ratio (BCR) 

 B:C ratio of the treatments were calculated using the formula  

                Gross income  

                                              Cost of cultivation 

3.4.16 Statistical Analysis 

 The experimental data generated were analyzed statistically by applying the 

technique of analysis of variance (ANOVA) for Randomized Block Design 

experiment for the first experiment and ANOVA for split plot design for the second 

experiment and the significance was tested by F test (Cochran and Cox, 1965). 

Critical difference (CD) is provided wherever the F test was significant. 

 

BCR  =    



58 
 

 



 
 
 
 
 
 
 
 
 
                           
                              

 RESULTS 
 
 



59 
 

 4. RESULTS 

The study entitled ‘Productivity enhancement of blackgram (Vigna mungo 

(L.) Hepper) intercropped in coconut gardens’ was undertaken at the Instructional 

Farm attached to College of Agriculture, Vellayani, Thiruvananthapuram, Kerala 

during 2019 - 2021. The research programme aimed to identify shade tolerant 

blackgram varieties suitable for coconut gardens, to study the effect of foliar nutrition 

and plant growth regulators on growth and yield of the shade tolerant blackgram 

varieties intercropped in coconut garden and to work out the economics of 

cultivation. The study was conducted as two separate experiments.  In experiment I, 

blackgram varieties and cultures were collected and micro plots were laid out in 

randomized block design with three replications. In experiment II, five shade 

tolerant, high yielding varieties were selected and laid out in split plot design with 

varieties as the main plot treatments and foliar spray (6 nos) as the subplot treatments 

with four replications. The data collected were tabulated, analyzed statistically and 

the results obtained are detailed in this chapter. 

4.1 EXPERIMENT I: SCREENING OF BLACKGRAM VARIETIES FOR SHADE 

TOLERANCE (MICRO PLOT STUDY) 

4.1.1 Growth Characters 

Growth characters viz., plant height, number of branches per plant and 

number of leaves per plant (at monthly intervals), leaf area index, number of nodules 

per plant and dry weight of nodules per plant (at flowering) were recorded. 

4.1.1.1 Plant Height 

The data on plant height (at monthly intervals) of blackgram varieties and 

cultures screened for shade tolerance in coconut garden are presented in Table 3. 
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 Table 3. Plant height of blackgram varieties and cultures screened for shade tolerance 

at monthly interval, cm 

 

Treatments 1 MAS 2 MAS At harvest 

T1 - Sumanjana 44.34 85.10 96.83 

T2 - DU 1 41.17 70.27 73.63 

T3 - DBGV 5 47.70 87.97 96.89 

T4 - Culture 4.6.1 38.79 76.83 86.17 

T5 - Culture 4.5.8 33.77 59.06 62.77 

T6 - Culture 4.5.18 32.17 65.17 77.77 

T7 - VBN 6 43.86 79.66 91.53 

T8 - VBN 8 35.66 62.94 69.20 

T9 - VBN 5 43.33 83.33 95.73 

T10 - TAU 2 39.00 66.50 70.23 

T11 - Rashmi 40.13 73.60 75.50 

T12 - CO 6 47.44 85.80 95.33 

T13 - Blackgold 40.17 67.26 71.13 

T14 - TAU 1 40.84 74.43 78.44 

T15 - AKU 15 40.03 77.82 79.17 

SEm(±) 1.27 2.77 2.76 

CD (0.05) 3.686 8.065 8.022 
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Perusal of the data revealed that plant height differed significantly among 

varieties and cultures. In general, plant height increased with growth among varieties 

and cultures and, DBGV 5 recorded taller plants during the entire cropping period. 

At 1 month after sowing (MAS), DBGV 5 recorded plant height of 47.70 cm and 

was on par with CO 6 (47.44 cm) and Sumanjana (44.34 cm). However, the plants 

were relatively shorter in Culture 4.5.18 (32.17 cm), Culture 4.5.8 (33.77 cm) and 

VBN 8 (35.66 cm) and was on par with each other. At 2 MAS, taller plants were 

recorded by DBGV 5 (87.97 cm) and was on par with CO 6 (85.80 cm), Sumanjana 

(85.10 cm) and VBN 5 (83.33 cm). At the time of harvest also, taller plants were 

observed in DBGV 5 (96.89 cm) and was on par with Sumanjana (96.83 cm), VBN 

5 (95.73), CO 6 (95.33) and VBN 6 (91.53 cm). Overall, the plants were the shortest 

in Culture 4.5.8 (62.77 cm) and TAU 2 (70.23 cm). 

4.1.1.2 Number of Leaves per Plant 

The number of trifoliate leaves per plant produced at monthly intervals among 

blackgram varieties and cultures screened are presented in Table 4. 

The number of leaves per plant from 1 MAS to harvest showed significant 

variation among the varieties and cultures. The number of leaves increased up to 2 

MAS and showed a decreasing trend towards harvest. At 1 MAS, the number of 

leaves produced per plant among varieties and cultures ranged between 4 to 7.6. The 

variety DBGV 5 produced higher number of leaves per plant (7.56) which was 

comparable with CO 6 (7.3), Sumanjana (7.3), VBN 6 (7) and VBN 5 (6.8). In 

general, number of leaves was lower in cultures and the lowest number of leaves per 

plant was registered by the Culture 4.5.18 (4). However, at 2 MAS, no significant 

difference in number of leaves per plant was observed among varieties and cultures. 

Even though the leaf production capacity and leaf persistence of each variety and 

culture were lower at the time of harvest, there existed significant difference in 

number of leaves among varieties and cultures. Plants with more number of leaves  
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Table 4. Number of leaves per plant of blackgram varieties and cultures screened for 

shade tolerance at monthly interval 

NS - Not significant     MAS - Months after sowing 

  

Treatments 1 MAS 2 MAS At harvest 

T1 - Sumanjana 7.3 11.0 5.2 

T2 - DU 1 6.1 12.0 6.8 

T3 - DBGV 5 7.6 12.1 6.7 

T4 - Culture 4.6.1 5.7 12.2 6.2 

T5 - Culture 4.5.8 5.4 10.8 8.1 

T6 - Culture 4.5.18 4.0 10.8 8.6 

T7 - VBN 6 7.0 11.2 6.8 

T8 - VBN 8 5.9 11.1 5.7 

T9 - VBN 5 6.8 11.8 6.2 

T10 - TAU 2 6.1 11.1 7.9 

T11 – Rashmi 5.7 10.9 7.7 

T12 - CO 6 7.3 13.0 6.8 

T13 - Blackgold 6.1 10.8 6.4 

T14 - TAU 1 6.1 10.5 4.3 

T15 - AKU 15 6.3 10.1 5.2 

SEm(±) 0.4 0.8 0.6 

CD (0.05) 1.18 NS 1.76 
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was observed in the Culture 4.5.18 (8.6) and was on par with the Culture 4.5.8 (8.1) 

and varieties, TAU 2 (7.9) and Rashmi (7.7). 

4.1.1.3 Number of Branches per Plant 

The data in Table 5 represents the number of branches per plant at monthly 

intervals among the varieties and cultures. It can be seen that the varieties and 

cultures significantly differed in number of branches per plant at 1 MAS only. 

Among the varieties and cultures tested, the varieties TAU 1 and AKU 15 

exhibited branching habit compared to other varieties and cultures with an average 

of 1.5 and 1.3 branches per plant respectively. Apart from these two, all the varieties 

recorded single branch and were at par with each other. In the later stages of plant 

growth, upto harvest the number branches per plant showed no significant difference 

among the varieties and cultures. 

4.1.1.4 Leaf Area Index at Flowering 

Table 6 shows the data on variation in leaf area index (LAI) at flowering among 

the blackgram varieties and cultures intercropped in coconut garden. The LAI 

computed varied significantly among the varieties and cultures and value ranged 

between 3.36 to 5.77. The variety CO 6 recorded higher LAI of 5.77 which was 

comparable with DBGV 5 (5.36) followed by Sumanjana (4.88). The lower value of 

LAI was recorded by the variety TAU 1 (3.36) and was on par with Blackgold (3.43), 

AKU 15 (3.45), Reshmi (3.48) and Culture 4.5.18 (3.5), Culture 4.6.1 (3.52) and 

Culture 4.5.8 (3.90). 

4.1.1.5 Number of Nodules per Plant at Flowering 

The data on number of nodules per plant at flowering varied significantly due 

to varieties and cultures and is given in Table 6. There was no significant difference  
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Table 5. Number of branches per plant of blackgram varieties and cultures screened 

for shade tolerance at monthly interval 

NS - Not significant     MAS - Months after sowing 

 

Treatments 1 MAS 2 MAS At harvest 

T1 - Sumanjana 1.0 2.4 2.4 

T2 - DU 1 1.0 2.9 3.0 

T3 - DBGV 5 1.0 2.3 2.5 

T4 - Culture 4.6.1 1.0 2.2 2.5 

T5 - Culture 4.5.8 1.0 2.8 3.0 

T6 - Culture 4.5.18 1.0 2.3 3.3 

T7 - VBN 6 1.0 2.2 2.7 

T8 - VBN 8 1.0 2.4 2.8 

T9 - VBN 5 1.0 2.2 2.3 

T10 - TAU 2 1.0 2.5 2.5 

T11 - Rashmi 1.0 2.2 2.7 

T12 - CO 6 1.0 2.7 2.4 

T13 - Blackgold 1.0 1.8`` 2.2 

T14 - TAU 1 1.5 1.8 2.1 

T15 - AKU 15 1.3 2.1 2.6 

SEm(±) 0.1 0.3 0.3 

CD (0.05) 0.26 NS NS 
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Table 6.  LAI, number of nodules and dry weight of nodules of blackgram varieties 

and cultures screened for shade tolerance at flowering 

 

NS - Not significant 

 

Treatments 
Leaf area 

index 

Number of 

nodules per plant 

Dry weight of 

nodules per plant (g) 

T1 - Sumanjana 4.88 18.33 0.41 

T2 - DU 1 4.54 18.67 0.53 

T3 - DBGV 5 5.36 17.00 0.49 

T4 - Culture 4.6.1 3.52 17.33 0.51 

T5 - Culture 4.5.8 3.90 16.33 0.48 

T6 - Culture 4.5.18 3.50 17.33 0.51 

T7 - VBN 6 4.86 20.67 0.53 

T8 - VBN 8 4.48 17.67 0.49 

T9 - VBN 5 4.66 24.00 0.46 

T10 - TAU 2 4.45 19.00 0.54 

T11 - Rashmi 3.48 19.00 0.53 

T12 - CO 6 5.77 22.00 0.33 

T13 - Blackgold 3.43 23.33 0.53 

T14 - TAU 1 3.36 19.67 0.36 

T15 - AKU 15 3.45 20.67 0.44 

SEm(±) 0.28 1.79 0.06 

CD (0.05) 0.809 NS NS 
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observed in number of nodules per plant among the varieties and cultures considered 

under this study. 

4.1.1.6 Dry Weight of Nodules per Plant at Flowering 

The perusal of data in Table 6 revealed that, similar to number of nodules per 

plant at flowering, dry weight of nodules per plant at flowering marked no variation 

among the varieties and cultures under partially shaded coconut garden. 

4.1.2 Root Characters (At Harvest) 

The data on root characters viz., rooting length, root volume and root dry 

weight were recorded at harvest and are presented in Table 7. 

4.1.2.1 Rooting Length, Root Volume and Root Dry Weight 

There was no significant variation in rooting length, root volume and root dry 

weight (at harvest) among the blackgram varieties and cultures evaluated under 

partially shaded coconut garden. 

4.1.3 Physiological Characters (At Flowering) 

The physiological characters viz., photosynthetic rate, leaf area duration, 

stomatal index, chlorophyll content and proline content at flowering were recorded 

and analyzed. 

4.1.3.1 Photosynthetic Rate 

The data presented in Table 8 represents the variation in photosynthetic rate at 

flowering among varieties and cultures screened for shade in coconut garden. 

The photosynthetic rate recorded wide variation among the varieties and 

cultures tested and the values ranged from 1.13 µ moles CO2 m
-2 s-1

 to 8.97 µ moles  
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Table 7.  Root characters of blackgram varieties and cultures screened for shade 

tolerance at harvest 

NS - Not significant 

  

Treatments 
Rooting length 

(cm) 

Root volume 

(cm3) 

Root dry weight 

 (g per plant) 

T1 – Sumanjana 21.33 6.67 2.02 

T2 - DU 1 22.13 6.33 2.03 

T3 - DBGV 5 25.17 7.10 2.24 

T4 - Culture 4.6.1 20.33 7.00 2.10 

T5 - Culture 4.5.8 25.33 6.33 2.25 

T6 - Culture 4.5.18 20.33 5.87 2.01 

T7 - VBN 6 28.50 5.43 2.23 

T8 - VBN 8 22.33 7.07 2.13 

T9 - VBN 5 22.67 6.07 2.14 

T10 - TAU 2 21.00 5.97 2.20 

T11 - Rashmi 21.33 7.00 2.18 

T12 - CO 6 22.67 6.67 2.27 

T13 - Blackgold 21.67 5.33 2.27 

T14 - TAU 1 23.67 7.33 2.23 

T15 - AKU 15 22.67 4.67 2.23 

SEm(±) 1.65 0.93 0.063 

CD (0.05) NS NS NS 
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CO2 m
-2 s-1

. The photosynthetic rate (8.97 µ moles CO2 m
-2 s-1) recorded was the 

highest for the varieties DBGV 5 and VBN 5, followed by CO 6 (8.27 µ moles CO2 

m-2 s-1). The lowest value was registered by the variety TAU 1 (1.13 µ moles CO2 

m-2 s- 1) and was on par with AKU 15 (1.47 µ moles CO2 m
-2 s-1). 

4.1.3.2 Leaf Area Duration  

The effect of varieties and cultures on leaf area duration (LAD) is presented in 

Table 8. Leaf area duration varied significantly among varieties and cultures and the 

value ranged from 34.89 days to 65.66 days. LAD was found to be higher for the 

variety CO 6 (65.66 days) and was on par with DBGV 5 (58.40 days). The lower 

value of LAD was registered by the variety TAU 1 (34.89 days) and was on par with 

Culture 4.5.8 (43.08 days), AKU 15 (41.5 days), Culture 4.6.1 (41.28 days), Rashmi 

(37.77 days), Blackgold (35.75 days) and Culture 4.5.18 (35.34 days). 

4.1.3.3 Stomatal Index 

The data presented in Table 8 shows the effect of varieties and cultures on 

stomatal index at flowering. There was significant variation in stomatal index at 

flowering among the varieties and cultures. The variety DBGV 5 recorded higher 

stomatal index (23.33%) which was on par with TAU 2 (22.10%), Sumanjana 

(20.80%) and VBN 8 (20.03%). Lower value of stomatal index was registered by the 

variety Rashmi (15.44%) which was on par with the rest of the varieties and cultures 

except VBN 6. 

4.1.3.4 Chlorophyll Content 

Table 9 shows the effect of varieties and cultures on chlorophyll a, b and total 

chlorophyll at flowering. Significant variation in chlorophyll a, b and total 

chlorophyll contents were observed among the varieties and cultures under 

evaluation. Chlorophyll a was found higher for the variety DBGV 5 (1.91 mg g-1  
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Table 8. Photosynthetic rate, leaf area duration and stomatal index of blackgram 

varieties and cultures screened for shade tolerance at flowering 
  

Treatments 
Photosynthetic rate 
(µ moles CO2 m-2 s-1) 

Leaf area 

duration (days) 

Stomatal 

index (%) 

T1 – Sumanjana 6.93 50.83 20.80 

T2 - DU 1 4.43 47.47 17.55 

T3 - DBGV 5 8.97 58.40 23.33 

T4 - Culture 4.6.1 6.00 41.28 17.08 

T5 - Culture 4.5.8 3.83 43.08 16.79 

T6 - Culture 4.5.18 5.90 35.34 16.85 

T7 - VBN 6 6.97 53.48 19.75 

T8 - VBN 8 5.70 48.06 20.03 

T9 - VBN 5 8.97 49.22 16.95 

T10 - TAU 2 7.00 48.16 22.10 

T11 - Rashmi 6.77 37.77 15.44 

T12 - CO 6 8.27 65.66 18.53 

T13 - Blackgold 4.03 35.75 18.16 

T14 - TAU 1 1.13 34.89 15.45 

T15 - AKU 15 1.47 41.50 17.48 

SEm(±) 0.20 2.93 1.21 

CD (0.05) 0.587 8.542 3.450 
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Table 9. Chlorophyll and proline content of blackgram varieties and cultures screened 

for shade tolerance at flowering 

NS - Not significant 
  

Treatments 
Chlorophyll a 

(mg g-1 fresh 

tissue) 

Chlorophyll b 
(mg g-1 fresh 

tissue) 

Total chlorophyll 
(mg g-1 fresh tissue) 

Proline content 
(ug proline mL-1) 

T1 – Sumanjana 1.86 0.62 3.19 0.041 

T2 - DU 1 1.38 0.70 2.09 0.038 

T3 - DBGV 5 1.91 0.53 3.25 0.034 

T4 - Culture 4.6.1 1.31 0.54 1.86 0.033 

T5 - Culture 4.5.8 1.39 0.54 1.83 0.031 

T6 - Culture 4.5.18 1.30 0.88 2.30 0.037 

T7 - VBN 6 1.60 0.65 2.75 0.031 

T8 - VBN 8 1.53 0.91 2.40 0.036 

T9 - VBN 5 1.50 0.83 2.83 0.035 

T10 - TAU 2 1.29 0.64 2.50 0.036 

T11 - Rashmi 1.35 0.70 2.65 0.038 

T12 - CO 6 1.58 0.70 2.66 0.030 

T13 - Blackgold 1.31 0.67 2.63 0.040 

T14 - TAU 1 1.44 0.79 2.71 0.045 

T15 - AKU 15 1.39 0.71 2.11 0.043 

SEm(±) 0.07 0.058 0.16 0.003 

CD (0.05) 0.210 0.169 0.450 NS 
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fresh tissue) and was on par with Sumanjana (1.86 mg g-1 fresh tissue). On the other 

hand, chlorophyll b was recorded higher by the variety VBN 8 (0.91 mg g-1 fresh 

tissue) and was on par with Culture 4.5.18 (0.88 mg g-1 fresh tissue),VBN 5 (0.83 

mg g-1 fresh tissue) and TAU 1 (0.79 mg g-1 fresh tissue). The total chlorophyll 

followed the same trend as that of chlorophyll a and the variety DBGV 5 recorded 

higher value of total chlorophyll (3.25 mg g-1 fresh tissue) and was on par with 

Sumanjana (3.19 mg g-1 fresh tissue) and VBN 5 (2.83 mg g-1 fresh tissue). 

4.1.3.5 Proline Content 

The data on variation in proline content at flowering among the varieties 

and cultures is presented in Table 9. The blackgram varieties and cultures 

intercropped in coconut garden had shown no significant variation in proline and the 

content was negligible. 

4.1.4 Yield Parameters 

The data on days to 50 per cent flowering, yield attributes like, number of 

pods per plant, average length of pod, number of seeds per pod, 100 seed weight, 

seed yield per plant and haulm yield per plant were summarized in Table 10. 

4.1.4.1 Days to 50 per cent Flowering 

There was significant difference among the varieties and cultures tested 

with respect to days to 50 per cent flowering. The variety Sumanjana and the Culture 

4.6.1 flowered early compared to other varieties and took 34 days to reach 50 per 

cent flowering. The variety DBGV 5 which reached 50 per cent flowering at 36 DAS 

was on par with Sumanjana and Culture 4.6.1. TAU 2 took the maximum number of 

days (43.33 days) to reach 50 per cent flowering and was on par with VBN 5, VBN 

6, DU 1, Rashmi and Culture 4.5.18. 
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4.1.4.2 Number of Pods per Plant 

Table 10 depicts the significant variation in number of pods per plant among 

the varieties and cultures evaluated. The variety DBGV 5 produced the higher 

number of pods per plant (23.67) and was on par with CO 6 (22.55), VBN 5 (22), 

VBN 6 (20.45) Sumanjana (20.55) and Rashmi (20.80) under partially shaded 

coconut garden. The lowest number of number of pods per plant was recorded by the 

Culture 4.5.8 (12.70) which was on par with VBN 8 (14.65), DU 1 (16.65), Blackgold 

(16.83), TAU 1 (17.16) and Culture 4.5.18 (17.30). 

4.1.4.3 Number of Seeds per Pod 

It is evident from Table 10 that varietal difference was not significant for 

number of seeds per pod. 

4.1.4.4 Average Length of Pod 

Similar to number seed per pod, average length of pod also did not vary 

significantly among the varieties and cultures (Table 10). The average pod length 

ranged between 4.22 cm to 4.54 cm among the varieties and cultures. 

4.1.4.5 Hundred Seed Weight 

Hundred seed weight is an important yield determining character of a 

variety and it varied significantly among the varieties and cultures. The Culture 4.6.1 

produced bold seeds with the highest 100 seed weight (5.06 g) and was on par with 

DBGV 5 (5.01 g), DU 1 (4.70 g), Blackgold (4.96 g), TAU 1 (4.89 g) and AKU 15 

(4.84 g) under coconut garden. Lower value of 100 seed weight was produced by the 

Culture 4.5.8 (3.85 g) and was on par with VBN 8 (3.93 g), Culture 4.5.18 (4.02 g) 

and Sumanjana (4.13 g). 
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4.1.4.6 Seed Yield per Plant 

The observation on seed yield per plant registered significant variation 

among varieties and cultures (Table 10). The seed yield per plant varied between 

2.16 g to 5.44 g among the varieties and cultures considered. The highest seed yield 

was recorded by the variety DBGV 5 (5.44 g) followed by VBN 5 (4.44 g) and 

Sumanjana (4.40 g). Lowest seed yield was recorded by the Culture 4.5.8 (2.16 g). 

4.1.4.7 Haulm Yield per Plant  

The Table 10 depicts the variation in haulm yield per plant among varieties 

and cultures evaluated under shade. There was significant variation on haulm yield 

per plant among the varieties and cultures and the variety DBGV 5 recorded higher 

value of haulm yield (19.0 g) and was on par with VBN 5 (17.43 g), Sumanjana (17 

g) and CO 6 (17 g). Lower value of haulm yield per plant was registered by the 

Culture 4.5.8 (11.20 g) and was on par with all other varieties except VBN 6. 

4.1.4.8 Seed Yield  

The Table 11 depicts the variation in seed yield (kg ha-1) among varieties 

and cultures evaluated under shade. Superior seed yield was produced by the variety 

DBGV 5 (1183 kg ha-1), followed by VBN 5 (917 kg ha-1), Sumanjana (907 kg ha-

1), CO 6 (863 kg ha-1) and VBN 5 (853 kg ha-1) The Culture 4.5.8 produced 

significantly lower value of seed yield (310 kg ha-1). 

4.1.4.9 Haulm Yield  

Haulm yield also varied significantly among the varieties and cultures tested 

(Table 11). Significantly higher haulm yield was produced by the variety DBGV 5 

(4194 kg ha-1) followed by VBN 8 (4015 kg ha-1).  
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Table 10.  Yield attributes and yield of blackgram varieties and cultures screened for shade tolerance  

NS - Not significant 

  

Treatments 
Days to 50% 

flowering 

Number of pods 

per plant 

Number of 

seeds per pod 

Average length 

of pod (cm) 

100 seed 

weight (g) 

Seed yield per 

plant (g) 

Haulm yield 

per plant (g) 

T1 - Sumanjana 34.33 20.55 6.7 4.34 4.13 4.40 17.00 

T2 - DU 1 41.67 16.65 7.1 4.48 4.70 3.19 12.00 

T3 - DBGV 5 36.33 23.67 6.5 4.41 5.01 5.44 19.00 

T4 - Culture 4.6.1 34.33 17.75 6.4 4.39 5.06 3.84 12.00 

T5 - Culture 4.5.8 38.00 12.70 6.5 4.33 3.85 2.16 11.20 

T6 - Culture 4.5.18 43.00 17.30 7.1 4.22 4.02 3.39 12.83 

T7 - VBN 6 42.33 20.45 7.3 4.58 4.29 4.20 16.30 

T8 - VBN 8 39.67 14.65 6.9 4.35 3.93 4.06 12.33 

T9 - VBN 5 42.67 22.00 6.7 4.36 4.46 4.44 17.43 

T10 - TAU 2 43.33 18.40 6.7 4.48 4.59 3.53 13.13 

T11 - Rashmi 43.00 20.80 7.0 4.45 4.50 3.59 12.47 

T12 - CO 6 37.67 22.55 7.0 4.54 4.40 4.24 17.00 

T13 - Blackgold 38.67 16.83 6.9 4.48 4.96 3.88 12.33 

T14 - TAU 1 38.33 17.16 6.7 4.48 4.89 4.03 11.83 

T15 - AKU 15 36.67 17.67 7.1 4.29 4.84 4.03 12.50 

SEm(±) 0.74 1.69 0.2 0.13 0.14 0.26 0.88 

CD (0.05) 2.152 4.922 NS NS 0.422 0.784 2.510 



75 
 

4.1.4.10 Harvest Index 

The data on harvest index among varieties and cultures is presented in Table 

11. There was significant variation in harvest index among the varieties and cultures. 

The variety Sumanjana (0.24) recorded higher value of harvest index which was on 

par with DBGV 5 (0.23), VBN 6 (0.21), DU 1 (0.19) and VBN 5 (0.19). Lowest 

value of harvest index was registered by the Culture 4.5.18 (0.11). 

4.1.5 Dry Matter Partitioning at Harvest (g per plant) 

The observational plants were pulled out and all the parts viz., shoot, leaf, 

root, pod and seeds were separated, dried, weighed and the mean data was analyzed 

which is summarized in Table 12. 

4.1.5.1 Shoot Dry Weight per Plant 

Shoot dry weight varied significantly among varieties and cultures evaluated. 

The Culture 4.5.8 recorded the highest shoot weight per plant (7.463 g) followed by 

VBN 8 (7.253 g). Lowest shoot dry weight per plant was recorded by the variety 

Sumanjana (3.033 g). 

4.1.5.2 Root Dry Weight per Plant 

There was no significant variation in root dry weight among the varieties 

and cultures tested (Table 12). 

4.1.5.3 Leaf Dry Weight per Plant 

There was significant difference in leaf dry weight among the varieties and 

cultures. The highest value of leaf dry weight per plant was recorded by the Culture 

4.5.18 (5.03 g) followed by AKU 15 (5.01 g) while it was low in Sumanjana (1.95 

g). 
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Table 11. Seed yield, haulm yield and harvest index of blackgram varieties and  

cultures screened for shade tolerance  

  

Treatments  
Seed yield 

(kg ha-1) 

Haulm yield 
(kg ha-1) 

Harvest index 

T1 – Sumanjana 907 2,800 0.24 

T2 - DU 1 583 2,487 0.19 

T3 - DBGV 5 1183 4,194 0.23 

T4 - Culture 4.6.1 757 3,534 0.18 

T5 - Culture 4.5.8 310 2,535 0.11 

T6 - Culture 4.5.18 637 3,389 0.16 

T7 - VBN 6 853 3,204 0.21 

T8 - VBN 8 817 4,015 0.17 

T9 - VBN 5 917 4,000 0.19 

T10 - TAU 2 673 3,099 0.18 

T11 - Rashmi 690 3,411 0.17 

T12 - CO 6 863 3,814 0.18 

T13 - Blackgold 767 3,444 0.18 

T14 - TAU 1 807 3,575 0.18 

T15 - AKU 15 807 3,871 0.17 

SEm(±) 72.0 45.17 0.02 

CD (0.05) 209.5 131.528 0.050 
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Table 12. Drymatter partitioning and total dry matter production (TDMP) of blackgram varieties and cultures screened for 

shade tolerance at harvest (g per plant) 

NS - Not significant 

Treatments Shoot weight Root weight Leaf weight Pod weight Seed weight TDMP 

T1 - Sumanjana 3.03 2.02 1.95 6.60 3.90 13.57 

T2 - DU 1 3.48 2.03 2.97 4.78 2.69 13.23 

T3 - DBGV 5 5.60 2.24 3.33 8.16 4.94 19.30 

T4 - Culture 4.6.1 5.95 2.10 4.09 5.76 3.34 17.87 

T5 - Culture 4.5.8 7.46 2.25 4.61 3.25 1.67 17.53 

T6 - Culture 

4.5.18 
6.08 2.01 5.03 5.08 2.89 18.17 

T7 - VBN 6 4.93 2.23 2.40 6.30 3.70 15.83 

T8 - VBN 8 7.25 2.13 4.83 6.09 3.56 20.27 

T9 - VBN 5 5.79 2.14 4.91 6.66 3.94 19.47 

T10 - TAU 2 4.38 2.20 4.56 5.29 3.03 16.40 

T11 - Rashmi 5.44 2.18 4.30 5.38 3.09 17.27 

T12 - CO 6 5.82 2.27 3.31 6.36 3.74 17.73 

T13 - Blackgold 5.03 2.27 4.24 5.82 3.38 17.33 

T14 - TAU 1 4.41 2.23 4.92 6.04 3.53 17.57 

T15 - AKU 15 6.84 2.23 5.01 6.26 3.53 20.3 

SEm(±) 0.001 0.063 0.001 0.27 0.27 0.72 

CD (0.05) 0.0040 NS 0.002 0.785 0.786 2.06 
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4.1.5.4 Pod Dry Weight per Plant 

There was significant variation in pod dry weight among the varieties and 

cultures when intercropped in coconut garden. The highest pod dry weight was 

recorded by the variety DBGV 5 (8.16 g) followed by VBN 5 (6.66 g) and Sumanjana 

(6.60 g). The lowest value of pod dry weight (3.25 g) per plant was recorded by the 

Culture 4.5.8. 

4.1.5.5 Seed Dry Weight per Plant 

Seed dry weight varied significantly among the varieties and cultures and 

Superior value was recorded in the variety DBGV 5 (4.94 g) followed by VBN 5 

(3.94 g) and Sumanjana (3.9 g). The Culture 4.5.8 recorded the lowest seed dry 

weight per plant (1.67 g).  

4.1.5.6 Total Dry Matter Production (TDMP) 

Significant variation in total dry matter production was observed among the 

varieties and cultures tested. The higher TDMP was recorded by the variety AKU 15 

(20.3 g per plant) which was on par with VBN 8 (20.27 g per plant), VBN 5 (19.47 

g per plant) and DBGV 5 (19.3 g per plant). The variety DU 1 recorded lower value 

of TDMP (13.23 g per plant) which was on par with Sumanjana (13.57 g per plant). 

4.1.6 Light Intensity (klux) and Photosynthetically Active Radiation (µ moles s-1       

m-2) at Monthly Interval 

Table 13a represents the mean values of light intensity and PAR recorded 

during the cropping period (2nd October 2019 to 10th January 2020) at monthly 

interval under coconut garden. The light intensity during the entire cropping period 

ranged from (44.1± 2.26) klux to (45.73± 2.89) klux. On the other hand, PAR varied 

from sowing till harvest. It increased from 1 MAS to 2 MAS and then showed a 
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decreasing trend towards harvest. At 2 MAS, PAR recorded the highest value of 

(9.89 ± 0.12) µ moles s-1 m-2 later at harvest it decreased to (4.70 ± 0.43) µ moles s-1 

m-2. 

4.1.7 Characters Identified for Shade Tolerance in Blackgram 

 Based on Experiment I, growth and physiological characters for shade tolerance 

in blackgram was identified and are presented in Table 13b. The varieties DBGV 5, 

VBN 5, Sumanjana, VBN 6 and CO 6 were found to perform better in shaded coconut 

garden with increased plant height (91.53 cm to 96.89 cm), leaf area index (4.66 to 

5.77), leaf area duration (49.22 days to 65.6 days), total chlorophyll content (2.30 mg 

g-1 fresh tissue to 3.25 mg g-1 fresh tissue) and photosynthetic rate (6.93 µ moles CO2 

m-2 sec-1 to 8.97 µ moles CO2 m-2 sec-1). These five varieties reached 50 per cent 

flowering earlier (36.33 days to 42.67 days) compared to other varieties and cultures. 

4.1.8 Selection of Varieties Experiment II  

The varieties which performed well in the partially shaded coconut garden 

were selected based on growth, yield attributing characters and yield. The variety 

DBGV 5, VBN 5, Sumanjana, CO 6 and VBN 6 were identified as better performers 

under partial shaded coconut garden with seed yields of 1183 kg ha-1, 917 kg ha-1, 

907 kg ha- 1, 863 kg ha-1 and 853 kg ha-1 respectively. These varieties were further 

evaluated for their response to foliar nutrition and growth regulators in coconut 

garden under partial shade.  
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Table 13a. Light intensity and photosynthetically active radiation (PAR)  in coconut 

garden during the crop growth period at monthly interval 

MAS - Months after sowing 

 

 

 

Table 13b.  Growth and physiological characters identified for shade tolerance in 

blackgram 

 

Plant 

height 

(cm) 

LAI 
LAD 

(days) 

Total 

chlorophyll 

content 
(mg g-1 fresh 

tissue) 

Photosynthetic 

rate 
(µ moles CO2 m-2 

sec-1) 

Days to 

50% 

flowering 

DBGV 5 96.89 5.36 58.40 3.25 8.97 36.33 

VBN 5 95.73 4.66 49.22 2.85 8.97 42.67 

Sumanjana 96.83 4.88 50.83 3.19 6.93 34.33 

VBN 6 91.53 4.86 53.48 2.30 6.97 42.33 

CO 6 95.33 5.77 65.66 2.66 8.27 37.67 

 

  
Light intensity (klux) PAR  (µ moles s-1 m-2) 

1 MAS 45.73 ± 2.89 5.11 ± 0.70 

2 MAS 44.16 ± 2.92 9.89 ± 0.12 

At harvest 44.1 ± 2.26 4.70 ± 0.43 
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4.2 EXPERIMENT II: PERFORMANCE EVALUATION OF SHADE TOLERANT 

VARIETIES UNDER FOLIAR APPLICATION OF NUTRIENTS AND GROWTH 

REGULATORS IN RAINFED COCONUT GARDEN 

The experiment was conducted during summer season of 2020 and the 

confirmatory trial during Rabi 2020-21.  

4.2.1 Growth Attributes 

 Growth characters viz., plant height, number of leaves per plant and number of 

branches per plant at monthly interval; and LAI, number and dry weight of nodules per 

plant at flowering were recorded for two seasons. 

4.2.1.1 Plant Height 

 The results on the effect of varieties, foliar application of nutrients and plant 

growth regulators and their interaction on plant height at monthly interval for two 

seasons are presented in Tables 14a and 14b. 

 The effect of varieties on plant height was found to be significant at all the 

growth stages during both the seasons. Among the varieties, tallest plants were 

recorded for Sumanjana (53.27 cm) at 1 MAS during summer season. However, during 

Rabi, Sumanjana and CO 6 were significantly taller with mean heights of 51.57 cm and 

51.23 cm respectively. At 2 MAS, tallest plants were observed for VBN 6 (85.89 cm) 

during summer and Sumanjana and DBGV 5 during Rabi (72.48 cm and 72.41 cm 

respectively). At harvest, taller plants were recorded for CO 6 and Sumanjana (89.57 

cm and 87.75 cm respectively) during summer while plants of Sumanjana were the 

tallest in Rabi (83.74 cm).  

 The effect of foliar spray of nutrients and plant growth regulators was found to 

be significant at 2 MAS and at harvest during both the seasons. Plants which received 
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Table 14a. Effect of varieties and foliar application on plant height during summer 2020 and Rabi 2020-21, cm

Treatments 
Plant height 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1 - Sumanjana 53.27 72.28 87.75 51.57 72.48 83.74 

v2
 - DBGV 5  45.01 75.52 82.67 49.77 72.41 80.46 

v3 - VBN 5  46.19 77.95 85.40 47.00 59.31 66.61 

v4 - VBN 6 50.23 85.89 83.71 47.81 57.11 63.94 

v5 - CO 6 51.39 80.53 89.57 51.23 64.30 72.20 

SEm(±) 0.46 0.72 0.72 0.52 0.66 0.74 

CD (0.05) 1.410 2.211 2.211 1.593 2.029 2.288 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  49.52 75.52 84.52 48.95 64.2 72.03 

f2  - Foliar spray of SOP @ 0.5%  48.40 72.28 81.28 48.97 61.11 68.82 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  48.93 77.95 86.95 50.89 68.04 76.72 

f4 - f3 + f1 49.44 85.89 94.89 49.87 71.02 79.92 

f5 - f3 + f2 49.41 80.53 89.53 49.35 67.90 76.82 

f6 - Control (KAU POP) 49.60 68.76 77.76 48.83 58.37 66.04 

SEm(±) 0.426 0.59 0.59 0.61 0.86 1.02 

CD (0.05) NS 1.672 1.670 NS 2.420 2.865 

NS - Not significant MAS – Months after sowing f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Plant height 

Summer 2020 Rabi 2020-21 

1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1f1 45.01 77.15 86.15 52.05 74.21 83.14 

v1f2 55.67 75.22 84.22 51.56 65.88 84.08 

v1f3 52.00 80.66 89.66 51.29 74.59 83.86 

v1f4 52.72 88.70 97.70 53.21 81.40 91.45 

v1f5 52.51 84.05 93.05 50.40 75.72 85.10 

v1f6 52.23 66.73 75.73 50.93 63.10 74.82 

v2f1 45.06 72.78 81.78 47.14 74.96 84.41 

v2f2 43.18 69.18 78.18 49.88 73.86 73.99 

v2f3 45.08 75.40 84.40 51.84 74.06 84.83 

v2f4 44.20 84.84 93.84 50.10 74.54 84.83 

v2f5 47.87 77.93 86.93 50.68 73.35 85.10 

v2f6 44.67 61.88 70.88 49.00 63.69 69.61 

v3f1 54.50 74.19 83.19 48.89 55.65 62.44 

v3f2 53.27 72.49 81.49 48.06 54.14 60.74 

v3f3 46.33 76.44 85.44 49.94 64.74 72.58 

v3f4 46.34 84.30 93.30 45.28 65.50 73.55 

v3f5 46.86 80.45 89.45 46.14 62.09 69.89 

v3f6 45.67 70.55 79.55 43.68 53.76 60.47 

v4f1 46.11 75.10 84.10 46.58 53.76 59.55 

v4f2 45.83 70.23 79.23 44.90 53.00 59.47 

v4f3 46.19 76.21 85.21 48.00 59.44 66.65 

v4f4 48.23 81.00 90.00 47.56 62.09 69.61 

v4f5 48.67 76.55 85.55 49.43 61.33 68.75 

v4f6 49.67 69.15 78.15 50.43 53.00 59.61 

v5f1 52.83 78.36 87.36 50.10 62.85 70.61 

v5f2 50.67 74.27 83.27 50.47 58.68 65.82 

v5f3 51.33 81.05 90.05 53.40 67.39 75.68 

v5f4 50.23 90.60 99.60 53.20 71.56 80.17 

v5f5 52.33 83.65 92.65 50.10 67.01 75.24 

v5f6 51.84 75.48 84.48 50.13 58.31 65.68 

SEm(±) 0.98 1.41 1.41 1.35 1.87 2.20 

CD (0.05) 2.830 4.060 4.060 NS 5.338 NS 

Table 14b.  Interaction effect of varieties and foliar application on plant height during summer 2020     

and Rabi 2020-21, cm 

NS - Not significant   
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foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and 

SA 100 mg L-1 at pre-flowering and 15 days later (f4) were the tallest during both the 

seasons with mean heights of 85.89 cm and 94.89 cm (summer) 71.02 cm and 79.92 

cm (Rabi) at 2 MAS and at harvest respectively. The plants managed as per the KAU 

POP (f6) recorded lowest plant height of 77.67 cm and 66.04 cm at harvest during 

summer and Rabi respectively.  

  The interaction between varieties and foliar spray of nutrients and plant growth 

regulators was found to be significant during summer and at 2 MAS during Rabi. 

Among the interaction, Sumanjana along with foliar spray of SOP (0.5%) at 45 and 60 

DAS (v1f2) recorded the tallest plants (55.67 cm) and was on par with v3f1 and v3f2 

(54.50 cm and 53.27 cm) during summer. At 2 MAS and at harvest, taller plants were 

recorded in the treatment combination v5f4 (90.60 cm and 99.60 cm) and v1f4 (88.70 

cm and 97.70 cm) during summer. In the Rabi season, significant difference in plant 

height was observed at 2 MAS and combination of Sumanjana along with 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (v1f4) produced the tallest plants with mean plant height of 

81.40 cm.   

4.2.1.2 Number of Branches per Plant  

 The data on number of branches per plant as influenced by varieties, foliar spray 

and their interaction at monthly intervals during both the seasons are shown in Tables 

15a and 15b. 

 The results showed significant effect for varieties and foliar application of 

nutrients and plant growth regulators and their interaction on number of branches at 

monthly interval. The influence of varieties, showed significant variation at all growth 

stages during summer while the influence was significant from 2 MAS onwards during 

Rabi. During summer, Sumanjana recorded higher number of branches (2.2 and 2.5) 
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and was on par with CO 6 (2.1and 2.4) at one and 2 MAS respectively. During Rabi, 

at 2 MAS Sumanjana recorded maximum number of branches (2.5) and was superior 

all the varieties. At harvest, DBGV 5, Sumanjana and CO 6 recorded higher number of 

branches (3.6, 3.5 and 3.5) and were on par with each other during summer season. 

However, during Rabi, significantly higher number of branches was recorded by 

Sumanjana (3.7) which was on par with DBGV 5 (3.6). 

 Among the subplot factors, foliar application exerted significant effect on 

number of branches during both the seasons from 2 MAS. The treatments, foliar spray 

of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f4) recorded higher number of branches (2.4) 

and was on par with each other except control (f6) during summer. However, at harvest, 

f4 recorded Superior value (3.8) followed by f5 and f2 (3.4 and 3.3 respectively). The 

lowest number of branches was recorded in control (2.6) at harvest. During Rabi, the 

highest number of branches per plant was observed in f4 (2.7 and 3.6 at 2 MAS and at 

harvest respectively).  

 Among the interactions, v x f exerted significant influence on number of 

branches per plant at all the growth stages during summer. However, the significance 

was observed only at 2 MAS in Rabi. During summer, the treatment combination v1f4 

recorded higher number of branches per plant (2.3) and was on par with v1f2, v1f3, v1f6, 

v5f3, v5f4 and v5f5 at 1 MAS. Sumanjana supplied with foliar spray of 19:19:19 (1%) at 

45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering 

and 15 days later (v1f4) recorded higher number of branches (3.0) at 2 MAS and was 

on par with v1f1, v1f5, v2f5, v3f3 and v5f4. During summer, at harvest, the treatment 

combinations v1f4, v2f4, v5f4, v1f5 and v2f3 recorded higher number of branches per plant 

(4, 4, 4, 3.8 and 3.8 respectively) and were on par with each other. During Rabi, v1f4 

recorded higher number of branches per plant (3.4) and was on par with v2f4 and v5f4 

(2.9 and 2.8 respectively).   
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Table 15a. Effect of varieties and foliar application on number of branches per plant during summer 2020 and Rabi 2020-21 

Treatments 
Number of branches 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1 – Sumanjana 2.2 2.5 3.5 2.1 2.5 3.8 

v2
 - DBGV 5  1.4 2.2 3.6 2.0 2.1 3.6 

v3 - VBN 5 1.2 2.2 2.9 2.0 2.1 3.0 

v4 - VBN 6 1.5 2.1 2.9 2.0 2.1 2.9 

v5 - CO 6 2.1 2.4 3.5 2.0 2.2 3.2 

SEm(±) 0.03 0.06 0.04 0.04 0.07 0.04 

CD (0.05) 0.101 0.181 0.129 NS 0.204 0.137 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  1.6 2.4 3.3 2.0 2.1 3.2 

f2  - Foliar spray of SOP @ 0.5%  1.7 2.2 3.3 2.0 2.0 3.1 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  1.8 2.3 3.1 2.0 2.3 3.4 

f4 - f3 + f1 1.7 2.4 3.8 2.1 2.7 3.6 

f5 - f3 + f2 1.7 2.4 3.4 2.0 2.1 3.4 

f6 - Control (KAU POP) 1.6 2.0 2.6 2.0 1.9 3.0 

SEm(±) 0.04 0.08 0.05 0.04 0.11 0.42 

CD (0.05) NS 0.218 0.128 NS 0.313 0.119 

NS - Not significant  MAS – Months after sowing f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Number of branches 

Summer 2020 Rabi 2020-21 

1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1f1 2.0 2.8 3.4 2.0 2.3 3.7 

v1f2 2.3 2.0 3.5 2.0 2.5 3.8 

v1f3 2.2 2.5 3.1 2.1 2.5 3.8 

v1f4 2.3 3.0 4.0 2.4 3.4 4.1 

v1f5 2.0 2.6 3.8 2.0 2.0 3.8 

v1f6 2.3 2.0 3.0 2.1 2.5 3.4 

v2f1 1.4 2.0 3.4 2.0 2.1 3.8 

v2f2 1.3 2.3 3.7 2.0 1.4 3.3 

v2f3 1.5 2.0 3.8 2.0 2.4 3.8 

v2f4 1.4 2.3 4.0 2.0 3.0 3.8 

v2f5 1.4 3.0 3.4 2.0 2.2 3.8 

v2f6 1.3 2.0 3.0 2.0 1.4 3.1 

v3f1 1.2 2.3 3.1 1.8 2.6 2.8 

v3f2 1.3 2.3 3.0 2.1 2.3 2.7 

v3f3 1.4 2.7 2.0 2.0 2.1 3.3 

v3f4 1.0 2.0 3.7 2.0 2.0 3.3 

v3f5 1.0 2.0 3.4 2.0 1.6 3.1 

v3f6 1.3 2.0 2.0 2.0 1.9 2.7 

v4f1 1.4 2.2 3.2 2.0 1.6 2.7 

v4f2 1.7 2.4 2.7 2.0 2.0 2.7 

v4f3 1.5 2.0 3.0 2.0 2.4 3.0 

v4f4 1.7 2.0 3.4 2.0 2.4 3.1 

v4f5 1.7 2.0 3.0 2.0 2.3 3.1 

v4f6 1.3 2.0 2.0 2.0 1.9 2.7 

v5f1 2.0 2.5 3.2 2.0 1.9 3.2 

v5f2 2.1 2.3 3.5 2.0 2.0 3.0 

v5f3 2.3 2.5 3.6 2.0 2.0 3.4 

v5f4 2.3 2.8 4.0 2.0 2.8 3.6 

v5f5 2.3 2.3 3.4 2.0 2.4 3.4 

v5f6 1.9 2.1 3.0 2.0 1.9 2.9 

SEm(±) 0.10 0.17 0.10 0.10 0.24 0.10 

CD (0.05) 0.280 0.479 0.292 NS 0.671 NS 

NS - Not significant MAS – Months after sowing 

Table 15b. Interaction effect of varieties and foliar application on number of branches per 

plant during summer 2020 and Rabi 2020-21 
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 4.2.1.3 Number of Leaves per Plant 

 The effect of varieties and foliar spray and their interaction on number of 

trifoliate leaves at monthly interval over two seasons are presented in Tables 16a and 

16b. 

 Perusal of the data in Table 16a revealed that main plot and subplot factor have 

significant effect on number of leaves per plant during both the seasons. In summer 

season, at 1 MAS, Sumanjana (8.2) recorded higher number of leaves and was 

comparable VBN 6 (7.9). During Rabi season, the highest number of leaves per plant 

was recorded by Sumanjana (9) at 1 MAS. During summer, Sumanjana recorded the 

highest number of leaves per plant (15.1 and 7.6) at 2 MAS and at harvest respectively. 

In the Rabi season, Sumanjana (13.7 and 6.9) and DBGV 5 (14 and 6.6) produced 

higher number of leaves and were on par at 2 MAS and at harvest respectively.   

 Regarding the subplot effect, at 1 MAS, foliar spray of SOP (0.5%) at 45 and 

60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 

days later (f5) recorded higher number of leaves (8.2) and was on par with f4 (8.0) and 

f3 (8) in the summer season and the highest number of leaves was produced by f4 (9.1) 

in Rabi season. At 2 MAS, higher number leaves per plant was produced by f4 and f5 

(14.4 and 14.0 respectively) in the summer season and the highest number of leaves 

per plant was produced in f4 (13.5) in the Rabi season. At harvest, significantly greater 

number of leaves per plant was registered in f4 in both the seasons (7.5 and 6.5 

respectively).  

 The interaction effect of varieties and foliar spray exhibited significant 

variation with respect to number of leaves per plant during both the seasons. During 

summer, the treatment combinations, v1f3, v1f5 and v1f4 were on par at 30 DAS (9.3, 

9.2 and 9.0 respectively). In Rabi season, treatment combinations did not vary 

significantly at 1 MAS. At 2 MAS, v1f4 produced higher number of leaves (17.0) and 
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Table 16a Effect of varieties and foliar application on number of leaves per plant during summer 2020 and Rabi 2020-21 

Treatments 
Number of leaves 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1 - Sumanjana 8.2 15.1 7.6 9.0 13.7 6.9 

v2
 - DBGV 5  7.8 12.0 6.1 8.1 14.0 6.6 

v3 - VBN 5 7.7 12.4 6.0 7.8 11.2 5.5 

v4 - VBN 6 8.0 11.4 6.1 8.1 10.8 5.2 

v5 - CO 6 7.5 13.2 6.7 8.2 12.2 5.9 

SEm(±) 0.09 0.13 0.08 0.20 0.12 0.10 

CD (0.05) 0.293 0.390 0.242 0.618 0.378 0.310 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  7.8 12.7 6.6 8.1 12.2 5.9 

f2  - Foliar spray of SOP @ 0.5%  7.9 12.7 6.4 8.0 11.6 5.6 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  8.0 13.4 6.8 8.3 12.9 6.3 

f4 - f3 + f1 8.0 14.4 7.5 9.1 13.5 6.6 

f5 - f3 + f2 8.2 14.0 6.7 8.2 12.9 6.3 

f6 - Control (KAU POP) 7.8 9.8 4.9 7.7 11.1 5.4 

SEm(±) 0.09 0.17 0.084 0.25 0.16 0.07 

CD (0.05) 0.266 0.468 0.238 0.694 0.441 0.204 

MAS – Months after sowing      f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Number of leaves 

Summer 2020 Rabi 2020-21 

1 MAS 2 MAS At harvest 1 MAS 2 MAS At harvest 

v1f1 8.5 14.8 7.4 9.4 14.0 6.8 

v1f2 8.4 15.0 7.5 7.4 12.5 6.9 

v1f3 9.3 15.5 7.8 8.9 14.1 6.9 

v1f4 9.0 17.0 8.5 10.9 15.4 7.5 

v1f5 9.2 16.0 8.0 8.9 14.3 7.0 

v1f6 8.3 12.5 6.3 8.7 11.8 6.1 

v2f1 8.0 12.5 6.5 7.6 14.2 6.9 

v2f2 7.6 11.0 6.0 8.0 14.3 6.1 

v2f3 7.7 12.0 6.2 9.1 14.3 7.0 

v2f4 8.0 13.2 6.6 9.4 14.3 7.0 

v2f5 7.7 14.0 7.0 7.5 14.3 7.0 

v2f6 7.7 9.0 4.5 6.6 12.6 5.7 

v3f1 7.8 11.0 6.0 7.6 10.5 5.1 

v3f2 8.0 12.4 5.5 8.4 10.2 5.0 

v3f3 7.7 14.5 7.2 7.9 12.3 6.0 

v3f4 7.3 15.0 8.0 8.2 12.4 6.0 

v3f5 8.0 13.4 5.0 7.6 11.8 5.7 

v3f6 7.3 8.0 4.0 7.3 10.2 5.0 

v4f1 7.6 11.0 6.0 7.9 10.2 4.9 

v4f2 7.7 12.9 7.0 8.3 10.0 4.9 

v4f3 8.0 11.0 6.0 7.9 11.3 5.5 

v4f4 8.0 12.0 7.0 8.4 11.8 5.7 

v4f5 8.3 12.6 6.3 8.9 11.6 5.6 

v4f6 8.3 9.0 4.5 7.5 10.0 4.9 

v5f1 7.3 14.0 7.2 8.1 11.9 5.8 

v5f2 7.8 12.0 6.1 8.0 11.1 5.4 

v5f3 7.3 13.8 7.0 7.6 12.8 6.2 

v5f4 7.8 15.0 7.5 8.5 13.5 6.6 

v5f5 7.7 14.0 7.0 8.3 12.7 6.2 

v5f6 7.4 10.5 5.3 8.4 11.0 5.4 

SEm(±) 0.21 0.36 0.19 0.54 0.34 0.18 

CD (0.05) 0.616 1.032 0.542 NS 0.982 0.519 

Table 16b.  Interaction effect of varieties and foliar application on number of leaves per plant 

during summer 2020 and Rabi 2020-21 

NS - Not significant MAS – Months after sowing 
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was on par with v1f5
 (16.0) in summer season and the highest number of leaves per 

plant (15.4) was recorded in v1f4 in Rabi. At harvest, the treatment combination v1f4 

recorded higher number of leaves per plant (8.5) at harvest during the summer season 

and was on par with v1f5 (8.0) and v3f4 (8.0). During Rabi season the highest number 

of leaves per plant (7.5) was recorded in v1f4.   

4.2.1.4 Leaf Area Index  

 The variation in leaf area index at flowering due to varieties and foliar spray in 

during the two seasons are presented in Table 17a and 17b.  

The effect of varieties on LAI at flowering was found to be significant during 

both the seasons. In general, LAI was higher during summer compared to Rabi season. 

Among the varieties, CO 6 recorded maximum LAI (5.60 and 5.08) and was on par 

with Sumanjana (5.42 and 5.02) during both the seasons. During Rabi season, higher 

LAI recorded in CO 6 was on par with all other varieties, except VBN 5.  

Leaf are index was found to be superior in plants treated with  foliar application 

of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f4) during both the seasons, the values being 

5.59 and 5.55 respectively.  

The interaction effect of varieties and foliar spray was significant during both 

the seasons. The treatment combination v1f4 recorded maximum LAI (6.71) and 

remained at par with v5f3 (6.54) and v5f5 (6.35) during summer season. In the Rabi 

season, the treatment combinations v1f4, v2f4 and v3f4 produced higher LAI (6.10, 6.03 

and 5.71 respectively) and were on par with each other.  

4.2.1.5 Number of Nodules per Plant  

 The data on the effect of varieties, foliar spray and their interaction on number  
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Table 17a.  Effect of varieties and foliar application on LAI, number of nodules and dry weight of nodules at flowering 

during summer 2020 and Rabi 2020-21  

  

Treatments Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) LAI 

Number of 

nodules per 

plant 

Dry weight 

of nodule (g 

per plant) 

LAI 

Number of 

nodules per 

plant 

Dry weight 

of nodule (g 

per plant) 

v1 – Sumanjana 5.42 21.32 0.47 5.02 29.32 0.65 

v2
 - DBGV 5  3.84 19.63 0.43 4.89 29.98 0.66 

v3 - VBN 5 4.68 17.53 0.39 4.60 24.05 0.53 

v4 - VBN 6 5.27 20.32 0.45 5.06 23.15 0.51 

v5 - CO 6 5.60 21.02 0.46 5.08 26.40 0.58 

SEm(±) 0.07 0.25 0.003 0.07 0.20 0009 

CD (0.05) 0.219 0.781 0.011 0.207 0.616 0.027 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  4.79 21.39 0.47 4.45 26.06 0.57 

f2  - Foliar spray of SOP @ 0.5%  4.64 17.62 0.39 4.89 24.93 0.55 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  4.98 20.09 0.44 5.23 27.69 0.61 

f4 - f3 + f1 5.59 23.51 0.52 5.55 29.25 0.64 

f5 - f3 + f2 5.32 20.55 0.45 5.11 27.72 0.61 

f6 - Control (KAU POP) 4.46 16.62 0.37 4.35 23.82 0.52 

SEm(±) 0.07 0.27 0.006 0.06 0.35 0.007 

CD (0.05) 0.219 0.755 0.018 0.165 0.988 0.021 

f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

LAI 
Number of 

nodules 

Dry weight 

of nodule 

(g) 

LAI 
Number of 

nodules 

Dry weight 

of nodule 

(g) 

v1f1 4.99 22.61 0.50 4.40 30.08 0.67 

v1f2 4.29 19.00 0.42 5.15 26.71 0.59 

v1f3 5.04 21.00 0.46 5.15 30.24 0.66 

v1f4 6.71 25.80 0.57 6.10 33.00 0.73 

v1f5 6.09 21.50 0.47 5.21 30.70 0.67 

v1f6 5.43 18.00 0.40 4.10 25.17 0.56 

v2f1 4.28 20.00 0.44 4.52 30.39 0.67 

v2f2 3.70 17.00 0.37 5.03 30.70 0.67 

v2f3 3.61 19.00 0.42 5.35 30.54 0.68 

v2f4 4.12 24.53 0.54 6.03 30.54 0.67 

v2f5 3.86 21.24 0.47 4.97 30.70 0.67 

v2f6 3.46 16.00 0.35 3.44 27.01 0.59 

v3f1 4.68 19.30 0.42 3.88 22.56 0.49 

v3f2 4.05 15.50 0.34 4.09 21.95 0.48 

v3f3 4.53 17.50 0.39 5.03 26.25 0.58 

v3f4 5.66 20.00 0.44 5.71 26.55 0.58 

v3f5 4.80 18.40 0.40 4.82 25.17 0.55 

v3f6 4.39 14.50 0.32 4.08 21.80 0.48 

v4f1 4.73 21.61 0.48 3.86 21.80 0.48 

v4f2 5.59 18.00 0.40 4.78 21.49 0.48 

v4f3 5.19 22.33 0.49 5.70 24.10 0.53 

v4f4 5.95 22.50 0.50 5.04 25.17 0.56 

v4f5 5.49 20.50 0.45 5.65 24.87 0.55 

v4f6 4.68 17.00 0.37 5.32 21.49 0.47 

v5f1 5.29 23.44 0.52 5.60 25.48 0.57 

v5f2 5.59 18.60 0.41 5.41 23.79 0.52 

v5f3 6.54 20.60 0.45 4.91 27.32 0.6 

v5f4 5.50 24.75 0.54 4.86 31.00 0.67 

v5f5 6.35 21.10 0.46 4.89 27.17 0.59 

v5f6 4.32 17.60 0.39 4.82 23.64 0.52 

SEm(±) 0.17 0.60 0.01 0.14 0.74 0.02 

CD (0.05) 0.486 1.728 0.039 0.395 2.108 0.050 

Table 17b.  Interaction effect of varieties and foliar application on LAI, number of nodules and 

dry weight of nodule per plant at flowering during summer 2020 and Rabi 2020-21 
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of nodules per plant at flowering are presented in Table 17a and 17b.  

The number of nodules produced per plant varied significantly among the 

varieties. In general, the number of nodules was observed to be more in the Rabi season 

compared to summer season. During summer, Sumanjana recorded greater number of 

nodules (21.32) and was on par with CO 6 (21.02). However, during Rabi, the highest 

number of nodules per plant was recorded in DBGV 5 (29.98). 

Influence of foliar spray of nutrients and plant growth regulators was significant 

on number of nodules per plant at flowering. The foliar spray of 19:19:19 (1%) at 45 

and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 

15 days later (f4) recorded the highest number of nodules per plant at flowering during 

both the seasons (23.51 and 29.25 respectively). The lowest number of nodules per 

plant at flowering was observed in f6 (control) during both the seasons (16.62 and 23.82 

respectively).  

In the case of interaction effect, the treatment combination v1f4 produced higher 

number of nodules per plant at flowering (25.80) and was on par with v5f4 and v2f4 and 

(24.75 and 24.53 respectively) in summer. The treatment combination v1f4 and v5f4 

produced higher number of nodules per plant (33.0 and 31.0 respectively) and were 

comparable during Rabi season.   

4.2.1.6 Dry Weight of Nodules per Plant  

 The data on variation in dry weight of nodules per plant due to varieties and 

foliar spray and their interaction in both the seasons is shown in Table 17a and 17b.  

 There was significant variation in dry weight of nodules per plant at flowering 

due to varieties. The variety Sumanjana recorded higher dry weight of nodule (0.47 g) 

and was on par with variety CO 6 (0.46 g) in summer. In the Rabi season, DBGV 5 and 

Sumanjana recorded higher nodule dry weight per plant and were on par with each 
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other (0.66 g and 0.65 g respectively).  

The dry weight of nodules per plant followed the same trend as that of number 

of nodules per plant. The foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray 

of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) registered 

the highest number of nodules per plant (0.52 g and 0.64 g respectively) during both 

the seasons.  

Among the treatment combination, v x f interactions, was significant in both 

the seasons. During summer season, the variety Sumanjana supplied with 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (v1f4) recorded higher dry weight of nodules per plant at 

flowering (0.57 g) and was on par with v2f4 and v5f4 (0.54 g and 0.54 g respectively). 

In Rabi season, the highest nodule dry weight was recorded in v1f4 (0.73 g), followed 

by v2f3 (0.68 g).  

4.2.2 Root Characters  

The data on effect of varieties and foliar spray on rooting length, root volume 

and root dry weight at harvest of two seasons are presented in Table 18a and 18b.  

It is evident from the Table 18a that, there was no significant difference in 

rooting length and root volume due to varieties, foliar spray and their interaction. 

During summer, there was no significant difference in root dry weight. However, 

during Rabi, root weight varied among the varieties and the highest root dry weight 

was recorded by Sumanjana (2.86 g).  

Among the foliar sprays, the application of 19:19:19 (1%) at 45 and 60 DAS + 

foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) recorded the highest root dry weight (2.88 g) during Rabi. The interaction effect on 

root characters was not significant in both the seasons.  
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Table 18a Effect of varieties and foliar application on rooting length, root volume and root dry weight during summer 2020 

and Rabi 2020 -21  

Treatments Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 
Rooting 

length (cm) 

Root volume 

(cm3) 

Root dry 

weight (g) 

Rooting 

length (cm) 

Root volume 

(cm3) 

Root dry 

weight (g) 

v1 - Sumanjana 24.66 7.70 2.33 19.03 8.42 2.86 

v2
 - DBGV 5  25.01 7.80 2.36 18.69 8.26 2.76 

v3 - VBN 5 24.67 7.70 2.32 18.47 8.17 2.71 

v4 - VBN 6 24.41 7.62 2.30 18.54 8.20 2.73 

v5 - CO 6 24.08 7.51 2.27 18.57 8.21 2.74 

SEm(±) 0.19 0.10 0.03 0.19 0.12 0.03 

CD (0.05) NS NS NS NS NS 0.079 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  24.76 7.73 2.33 18.48 8.17 2.72 

f2  - Foliar spray of SOP @ 0.5%  24.39 7.61 2.30 18.74 8.29 2.75 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  24.31 7.59 2.29 18.61 8.23 2.74 

f4 - f3 + f1 24.93 7.78 2.35 19.12 8.46 2.88 

f5 - f3 + f2 24.63 7.69 2.32 18.47 8.17 2.71 

f6 - Control (KAU POP) 24.38 7.61 2.30 18.53 8.19 2.74 

SEm(±) 0.27 0.09 0.03 0.28 0.09 0.04 

CD (0.05) NS NS NS NS NS 0.117 

NS - Not significant    f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 

  MAS – Months after sowing      f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

Rooting 

length (cm) 

Root 

volume 

(cm3) 

Root dry 

weight (g) 

Rooting 

length 

(cm) 

Root 

volume 

(cm3) 

Root dry 

weight (g) 

v1f1 23.98 7.50 2.27 18.16 8.03 2.68 

v1f2 24.50 7.64 2.31 19.24 8.51 2.84 

v1f3 25.36 7.91 2.39 19.40 8.58 2.86 

v1f4 25.00 7.80 2.36 19.32 8.55 3.15 

v1f5 24.77 7.73 2.33 19.22 8.50 2.83 

v1f6 24.35 7.60 2.29 18.83 8.33 2.78 

v2f1 25.11 7.83 2.37 19.11 8.45 2.82 

v2f2 25.70 8.02 2.42 19.19 8.49 2.83 

v2f3 25.00 7.80 2.36 18.16 8.03 2.64 

v2f4 24.11 7.52 2.27 19.35 8.56 2.85 

v2f5 25.08 7.82 2.36 18.16 8.03 2.68 

v2f6 25.06 7.82 2.36 18.16 8.03 2.72 

v3f1 25.00 7.80 2.36 18.47 8.17 2.72 

v3f2 25.06 7.82 2.36 18.16 8.03 2.62 

v3f3 24.20 7.55 2.28 18.16 8.03 2.68 

v3f4 25.60 7.99 2.41 19.24 8.51 2.84 

v3f5 23.85 7.44 2.25 18.16 8.03 2.63 

v3f6 24.31 7.58 2.29 18.62 8.24 2.75 

v4f1 24.80 7.74 2.34 18.52 8.19 2.73 

v4f2 22.75 7.10 2.14 17.87 7.90 2.64 

v4f3 24.50 7.64 2.31 18.93 8.37 2.79 

v4f4 25.00 7.80 2.36 18.86 8.34 2.78 

v4f5 25.30 7.89 2.38 18.65 8.25 2.75 

v4f6 24.14 7.53 2.27 18.44 8.15 2.72 

v5f1 24.89 7.77 2.35 18.16 8.03 2.68 

v5f2 23.93 7.47 2.25 19.24 8.51 2.84 

v5f3 22.50 7.02 2.12 18.41 8.15 2.72 

v5f4 24.92 7.78 2.35 18.83 8.33 2.78 

v5f5 24.18 7.54 2.28 18.16 8.03 2.68 

v5f6 24.04 7.50 2.27 18.60 8.22 2.74 

SEm(±) 0.58 0.22 0.07 0.61 0.23 0.09 

CD (0.05) NS NS NS NS NS NS 

Table 18b.  Effect of varieties and foliar application on rooting length, root volume and root 

dry weight during summer 2020 and Rabi 2020-21 

NS - Not significant 
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Table 19. Light intensity and photosynthetically active radiation (PAR) at monthly 

interval during summer 2020 and Rabi 2020-21 

 

 

4.2.3 Light Intensity (klux) and Photosynthetically Active Radiation (µ moles s-1 

m-2) at Monthly Interval 

Table 19 represents the mean values of light intensity and PAR recorded 

during the cropping period (summer 2020 and Rabi 2020-21) at monthly interval in 

the coconut garden. 

Light intensity was slightly higher in summer season compared to Rabi 

season. During summer season, the light intensity varied between (48.1 ± 2.24) klux 

to (50.16 ± 2.74) klux while it varied between (44.73 ± 2.12) klux to (48.16 ± 2.62) 

klux during Rabi. On the other hand, PAR showed marked variation in both the 

seasons during the entire cropping period. It increased from 1 MAS to 2 MAS and 

  

Light intensity (klux) PAR  (µ moles s-1 m-2) 

Summer 2020 Rabi 2020-21 Summer 2020 Rabi 2020-21 

1 MAS 49.73 ± 2.69 44.73 ± 2.12 6.11 ± 0.64 5.21 ± 0.44 

2 MAS 50.16 ± 2.74 48.16 ± 2.62 9.45 ± 0.16 7.25 ± 0.26 

At harvest 48.1 ± 2.24 46.1 ± 2.41 5.40 ± 0.33 6.60 ± 0.23 
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showed a decreasing trend towards harvest. The highest value of PAR was recorded 

at 2 MAS during both the seasons (9.45 ± 0.16 µ moles s-1 m-2 in summer and 7.25 ± 

0.26 µ moles s-1 m-2 in Rabi season respectively). 

4.2.4 Physiological Characters 

 The physiological characters viz., crop growth rate (CGR), relative growth rate 

(RGR), net assimilation rate (NAR), specific leaf weight (SLW), chlorophyll content, 

stomatal index, stomatal conductance and soluble protein were computed at flowering 

during both the seasons and presented in Table 20a to 24b.  

4.2.4.1 Crop Growth Rate  

The main effect and interaction effect of varieties and foliar spray on crop 

growth rate during both the seasons are presented in Table 20a and 20b. 

Crop growth rate varied significantly due to varieties and foliar spray in both 

the seasons. In general, CGR increased from 30-45 DAS to 45-60 DAS thereafter it 

decreased between 60-75 DAS. Sumanjana recorded the highest CGR between 30-45 

DAS and 45-60 DAS during both the seasons (5.74 g m-2 day-1 and 8.33 g m-2day-1 

during summer season and 5.57 g m-2 day-1 and 7.22 g m-2day-1 during Rabi season 

respectively). In the summer season, between 60-75 DAS, significantly greater CGR 

was recorded by the variety Sumanjana (6.70 g m-2day-1). However, during Rabi, 

Sumanjana and DBGV 5 recorded higher CGR (6.09 g m-2day-1 and 6.01 g m-2 day-1) 

and were on par with each other.  

Foliar nutrition had significant effect on CGR and the same trend in all the 

growth stages during both the seasons. Between 30-45 DAS, foliar spray of 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (f4) recorded higher CGR and was on par with foliar spray  
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Table 20a Effect of varieties and foliar application on crop growth rate during summer 2020 and Rabi 2020-21,  g m-2 day-1

Treatments 
Crop growth rate (CGR) 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1 - Sumanjana 5.74 8.33 6.70 5.57 7.22 6.09 

v2
 - DBGV 5  5.29 7.44 6.43 5.13 6.45 6.01 

v3 - VBN 5 5.36 6.21 4.04 5.21 5.38 3.78 

v4 - VBN 6 5.12 5.53 2.06 4.97 4.79 1.93 

v5 - CO 6 4.65 5.51 3.63 4.52 4.78 3.39 

SEm(±) 0.08 0.06 0.06 0.05 0.04 0.09 

CD (0.05) 0.242 0.197 0.186 0.159 0.137 0.270 

Sub plot - Foliar spray (F)    

f1 - Foliar spray of 19:19:19 @ 1%  4.91 6.48 4.28 4.76 5.61 4.01 

f2  - Foliar spray of SOP @ 0.5%  5.14 6.01 4.22 5.00 5.20 3.95 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  5.30 7.05 5.56 5.15 6.11 5.20 

f4 - f3 + f1 5.59 7.68 4.85 5.42 6.66 4.32 

f5 - f3 + f2 5.52 6.68 4.84 5.36 5.79 4.53 

f6 - Control (KAU POP) 4.94 5.72 3.67 4.80 4.96 3.44 

SEm(±) 0.06 0.08 0.07 0.07 0.08 0.07 

CD (0.05) 0.182 0.233 0.207 0.198 0.228 0.188 

f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 

  MAS – Months after sowing      f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

CGR 

Summer 2020 Rabi 2020-21 

30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1f1 5.76 7.50 6.28 5.59 6.50 5.87 

v1f2 5.46 6.83 5.80 5.30 5.92 5.42 

v1f3 5.76 8.92 6.69 5.59 7.73 6.26 

v1f4 6.22 10.65 9.80 6.04 9.23 8.10 

v1f5 5.69 8.60 6.53 5.52 7.46 6.11 

v1f6 5.53 7.50 5.11 5.37 6.50 4.78 

v2f1 5.16 7.47 6.91 5.01 6.47 6.47 

v2f2 5.24 6.86 6.83 5.09 5.95 6.39 

v2f3 5.00 8.44 7.70 4.85 7.32 7.20 

v2f4 5.23 8.53 5.60 5.08 7.40 5.24 

v2f5 5.60 7.25 6.47 5.44 6.29 6.05 

v2f6 5.49 6.06 5.07 5.33 5.25 4.74 

v3f1 5.19 6.22 3.05 5.04 5.39 2.86 

v3f2 5.32 5.97 2.58 5.16 5.18 2.41 

v3f3 5.14 6.60 6.11 4.99 5.72 5.72 

v3f4 5.69 6.58 3.66 5.52 5.70 3.42 

v3f5 5.55 5.62 5.53 5.39 4.87 5.17 

v3f6 5.30 6.26 3.29 5.14 5.42 3.08 

v4f1 4.62 5.16 1.73 4.49 4.47 1.62 

v4f2 4.96 5.03 2.49 4.82 4.36 2.33 

v4f3 5.46 5.80 2.43 5.30 5.02 2.27 

v4f4 5.39 6.40 1.93 5.23 5.55 1.81 

v4f5 5.32 5.53 2.29 5.16 4.79 2.14 

v4f6 5.00 5.24 1.51 4.85 4.55 1.41 

v5f1 3.80 6.04 3.45 3.69 5.24 3.22 

v5f2 4.75 5.33 3.40 4.61 4.62 3.18 

v5f3 5.16 5.51 4.88 5.01 4.78 4.57 

v5f4 5.40 6.24 3.25 5.25 5.41 3.04 

v5f5 5.44 6.40 3.38 5.28 5.55 3.16 

v5f6 3.38 3.54 3.40 3.28 3.07 3.18 

SEm(±) 0.02 0.18 0.16 0.15 0.17 0.16 

CD (0.05) 0.442 0.514 0.461 0.434 0.485 0.469 

Table 20b.  Interaction effect of varieties and foliar application on crop growth rate 

during summer 2020 and Rabi 2020-21, g m-2 day-1 
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of SOP (0.5%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-

1 at pre-flowering and 15 days later (f5) in summer and Rabi seasons (5.59 and 5.52 g 

m-2 day-1 in summer and 5.42 and 5.36 g m-2 day-1 in Rabi season respectively). 

Between 45-60 DAS, significantly higher CGR was recorded with foliar spray of 

19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 

at pre-flowering and 15 days later (f4) in both the seasons (7.68 g m-2day-1 and 6.66 g 

m-2 day-1 respectively). The highest CGR was recorded with foliar spray of NAA 40 

mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f3) between 60 DAS to 

harvest during both seasons (5.56 g m-2day-1 and 5.20 g m-2 day-1 respectively).  

Regarding the interaction effect, superior CGR was recorded between 30-45 

DAS, 45-60 DAS and 60-75 DAS in both the seasons in the treatment combination v1f4 

(6.22 g m-2 day-1, 10.65 g m-2 day-1 and 9.80 g m-2 day-1 in summer season and 6.04, 

9.23 and 8.10 g m-2 day-1 in Rabi respectively).  

4.2.4.2 Relative Growth Rate  

 The RGR computed between 30-45 DAS, 45-60 DAS and 60-75 DAS for both 

the seasons are presented in Table 21a and 21b. There was significant variation in RGR 

due to varieties and foliar spray during both the seasons. RGR showed a decreasing 

trend from initial towards harvest stages.  

 Between 30-45 DAS, the variety VBN 5 recorded superior RGR in both 

summer and Rabi seasons (7.33 x 10-2 g g-1 day-1 and 6.43 x 10-2 g g-1 day-1). RGR 

recorded the maximum value between 45-60 DAS in both the seasons for Sumanjana 

(3.99 x 10-2 g g-1 day-1 and 3.87 x 10-2 g g-1 day-1). However, between 60 DAS - harvest, 

RGR was the highest for DBGV 5 (2.14 x 10-2 g g-1 day-1) in the summer season and 

VBN 5 (1.87 x 10-2 g g-1 day-1) in the Rabi season.    

 There was no significant difference in RGR due to foliar spray between 30-45 

DAS in both the seasons. At 45-60 DAS, higher RGR (3.95 x 10-2 g g-1 day-1 ) was  
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Table 21a Effect of varieties and foliar application on relative growth rate during summer 2020 and Rabi 2020-21, g g-1 day-1 

 

Treatments 
Relative growth rate (RGR) x 10-2 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1 - Sumanjana 5.68 3.99 2.05 4.98 3.87 1.53 

v2
 - DBGV 5  5.43 3.85 2.14 4.76 3.73 1.55 

v3 - VBN 5 7.33 3.81 1.65 6.43 3.69 1.87 

v4 - VBN 6 6.43 3.40 0.93 5.64 3.30 1.51 

v5 - CO 6 4.96 3.22 1.52 4.35 3.12 1.67 

SEm(±) 0.12 0.04 0.01 0.01 0.04 0.02 

CD (0.05) 0.366 0.118 0.044 0.325 0.124 0.070 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  5.69 3.73 1.59 4.99 3.61 1.98 

f2  - Foliar spray of SOP @ 0.5%  5.88 3.44 1.61 5.15 3.34 2.07 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  5.97 3.82 1.94 5.23 3.70 1.59 

f4 - f3 + f1 6.14 3.95 1.56 5.38 3.82 0.89 

f5 - f3 + f2 6.11 3.56 1.73 5.35 3.45 1.47 

f6 - Control (KAU POP) 6.04 3.43 1.52 5.29 3.30 1.98 

SEm(±) 0.15 0.05 0.02 0.13 0.04 0.02 

CD (0.05) NS 0.133 0.062 NS 0.012 0.060 

NS - Not significant f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

RGR 

Summer 2020 Rabi 2020-21 

30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1f1 5.68 3.72 2.04 4.98 3.60 1.97 

v1f2 5.60 3.58 2.01 4.91 3.47 1.95 

v1f3 5.63 4.22 2.01 4.94 4.09 1.94 

v1f4 6.00 4.67 2.54 5.25 4.53 2.45 

v1f5 5.46 3.93 1.98 4.79 3.81 1.91 

v1f6 5.70 3.84 1.74 5.00 3.72 1.68 

v2f1 5.44 3.95 2.31 4.76 3.82 2.23 

v2f2 5.45 3.66 2.34 4.78 3.54 2.26 

v2f3 5.09 4.29 2.40 4.46 4.16 2.31 

v2f4 5.04 4.16 1.77 4.42 4.03 1.71 

v2f5 5.53 3.65 2.13 4.84 3.54 2.06 

v2f6 6.03 3.37 1.91 5.28 3.26 1.84 

v3f1 7.26 3.90 1.31 6.36 3.78 1.27 

v3f2 7.16 3.69 1.12 6.28 3.58 1.09 

v3f3 6.88 4.02 2.33 6.03 3.89 2.25 

v3f4 7.61 3.87 1.46 6.67 3.75 1.41 

v3f5 7.44 3.46 2.24 6.52 3.35 2.16 

v3f6 7.64 3.93 1.40 6.71 3.81 1.35 

v4f1 5.75 3.32 0.82 5.04 3.21 0.79 

v4f2 6.07 3.16 1.14 5.31 3.06 1.10 

v4f3 6.96 3.49 1.05 6.09 3.38 1.01 

v4f4 6.65 3.73 0.81 5.83 3.61 0.78 

v4f5 6.53 3.34 1.01 5.72 3.23 0.97 

v4f6 6.66 3.39 0.72 5.83 3.28 0.70 

v5f1 4.30 3.75 1.46 3.79 3.64 1.41 

v5f2 5.09 3.13 1.43 4.45 3.04 1.38 

v5f3 5.28 3.07 1.89 4.64 2.97 1.82 

v5f4 5.38 3.30 1.23 4.71 3.19 1.19 

v5f5 5.58 3.41 1.28 4.89 3.30 1.23 

v5f6 4.15 2.64 1.82 3.63 2.56 1.76 

SEm(±) 0.32 0.10 0.05 0.28 0.10 0.05 

CD (0.05) NS 0.296 0.134 NS 0.274 0.150 

Table 21b. Interaction effect of varieties and foliar application on relative growth rate during 

summer 2020 and Rabi 2020-21, g g-1 day-1 

NS - Not significant 
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recorded with the application of foliar spray of 19:19:19 (1%) at 45 and 60 DAS + 

foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) and was on par with foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (f3) in the summer season. During the Rabi season, 

significantly higher RGR between 45-60 DAS was recorded in f4 (3.82 x 10-2 g g-1   

day-1). Between 60-75 DAS, the highest RGR was registered by f3 (1.94 x 10-2 g g-1 

day-1) in summer season and by f2 (2.07 x 10-2 g g-1 day-1) in the Rabi season.  

 Interaction effect showed no significant variation in RGR at 30-45 DAS in both 

the seasons. Between 45-60 DAS and 60-75 DAS, significantly greater RGR was 

recorded in the treatment combination v1f4 in the summer season (4.67 x 10-2 g g-1 day-

1 and 2.54 x 10-2 g g-1 day-1) and in Rabi season, between 45-60 DAS, the v1f4 recorded 

the highest RGR (4.53 x 10-2 g g-1 day-1) and between 60 DAS - harvest, the treatment 

combinations v1f4 and v2f3 recorded higher RGR (2.45 x 10-2 g g-1 day-1 and 2.31 x 10-

2 g g-1 day-1) and were on par with each other.  

4.2.4.3 Net Assimilation Rate 

 The variation in NAR due to the effect of varieties and foliar spray during both 

the seasons are presented in Table 22a and 22b. The results revealed that NAR was 

significantly influenced by the varieties.  

 The variety DBGV 5 recorded the highest NAR between 30-45 DAS during 

both the seasons (1.57 x 10-4 and 1.54 x 10-4 g cm-2 day-1). Between 45-60 DAS, the 

highest NAR was recorded by the variety DBGV 5 (1.49 x 10-4 g cm-2 day-1) in summer 

season and DBGV 5 and Sumanjana recorded higher values of NAR in Rabi season 

(1.32 x 10-4 g cm-2 day-1 and 1.42 x 10-4 g cm-2 day-1). There was significant difference 

in NAR between 60-75 DAS, only during summer season and the variety VBN 5 (1.53 

x 10-4 g cm-2 day-1) recorded higher NAR and was on par with DBGV 5 (1.44 x 10-4 g 

cm-2 day-1) and VBN 6 (1.37 x 10-4 g cm-2 day-1).   
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Treatments 
Net assimilation rate (NAR) x 10-4 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1 - Sumanjana 1.38 1.25 1.28 1.35 1.42 1.22 

v2
 - DBGV 5  1.57 1.49 1.44 1.54 1.32 1.40 

v3 - VBN 5 1.43 0.71 1.53 1.41 0.63 1.42 

v4 - VBN 6 1.27 0.22 1.37 1.24 0.20 1.31 

v5 - CO 6 1.29 0.44 1.20 1.24 0.39 1.22 

SEm(±) 0.04 0.03 0.05 0.03 0.15 0.07 

CD (0.05) 0.109 0.107 0.164 0.100 0.470 NS 

Sub plot - Foliar spray (F)    

f1 - Foliar spray of 19:19:19 @ 1%  1.36 0.74 1.37 1.32 1.04 1.37 

f2  - Foliar spray of SOP @ 0.5%  1.42 0.70 1.40 1.39 0.62 1.34 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  1.36 0.94 1.54 1.34 0.83 1.46 

f4 - f3 + f1 1.32 0.92 1.17 1.30 0.82 1.13 

f5 - f3 + f2 1.39 0.85 1.25 1.35 0.75 1.18 

f6 - Control (KAU POP) 1.48 0.79 1.45 1.43 0.69 1.40 

SEm(±) 0.039 0.032 0.071 0.037 0.153 0.071 

CD (0.05) NS 0.091 0.201 NS NS 0.199 

Table 22a.  Effect of varieties and foliar application on net assimilation rate during summer 2020 and Rabi 2020-21, g cm-2 day-1 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

NAR x 10-4 

Summer 2020 Rabi 2020-21 

30-45 DAS 45-60 DAS 60-75 DAS 30-45 DAS 45-60 DAS 60-75 DAS 

v1f1 1.43 1.20 1.58 1.39 3.00 1.52 

v1f2 1.65 1.05 1.40 1.61 0.93 1.33 

v1f3 1.36 1.39 1.24 1.33 1.23 1.18 

v1f4 1.17 1.40 1.14 1.16 1.24 1.08 

v1f5 1.33 1.18 1.20 1.30 1.04 1.14 

v1f6 1.33 1.26 1.13 1.29 1.11 1.07 

v2f1 1.42 1.37 1.49 1.39 1.22 1.44 

v2f2 1.60 1.41 1.60 1.56 1.25 1.52 

v2f3 1.54 1.72 1.76 1.50 1.53 1.67 

v2f4 1.48 1.59 1.22 1.45 1.40 1.16 

v2f5 1.67 1.34 1.17 1.63 1.19 1.31 

v2f6 1.72 1.50 1.38 1.68 1.33 1.31 

v3f1 1.38 0.62 1.36 1.35 0.55 1.30 

v3f2 1.51 0.61 1.34 1.48 0.54 1.28 

v3f3 1.36 0.72 1.78 1.37 0.64 1.69 

v3f4 1.41 0.69 1.09 1.37 0.61 1.04 

v3f5 1.44 0.92 1.63 1.41 0.81 1.58 

v3f6 1.50 0.69 1.97 1.47 0.61 1.63 

v4f1 1.24 0.20 1.36 1.21 0.17 1.29 

v4f2 1.21 0.08 1.15 1.18 0.07 1.09 

v4f3 1.36 0.29 1.50 1.33 0.26 1.43 

v4f4 1.24 0.29 1.33 1.22 0.26 1.27 

v4f5 1.26 0.29 1.33 1.23 0.26 1.26 

v4f6 1.29 0.17 1.57 1.26 0.15 1.49 

v5f1 1.31 0.29 1.04 1.28 0.26 1.31 

v5f2 1.15 0.34 1.51 1.11 0.30 1.47 

v5f3 1.17 0.56 1.42 1.15 0.50 1.35 

v5f4 1.32 0.64 1.08 1.29 0.56 1.10 

v5f5 1.23 0.52 0.93 1.18 0.46 0.63 

v5f6 1.54 0.31 1.20 1.46 0.28 1.48 

SEm(±) 0.09 0.07 0.16 0.08 0.35 0.16 

CD (0.05) NS NS NS NS NS NS 

Table 22b.  Interaction effect of varieties and foliar application on net assimilation rate 

during summer 2020 and Rabi 2020-21, g cm-2  day-1 

NS - Not significant 
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 Regarding foliar nutrition, there was no significant difference in NAR between 

30-45 DAS during both the seasons. Between 45-60 DAS, NAR varied significantly 

during summer season with the highest value of 0.94 x 10-4 g cm-2 day-1 with foliar 

spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f3) and 

was on par with f4 and f5 (0.92 x 10-4 g cm-2 day-1 and 0.85 x 10-4 g cm-2 day-1 

respectively). Between 60 DAS - harvest, f3 (foliar spray of NAA 40 mg L-1 and SA 

100 mg L-1 at pre-flowering and 15 days later) recorded higher NAR and was on par 

with f1, f2 and f5 in both the seasons.  

 Net assimilation rate showed no significant variation during any of the growth 

stages due to interaction effect in both the seasons.  

4.2.4.4 Specific Leaf Weight  

 The variation in specific leaf weight (SLW) at 30, 45, 60 DAS and harvest in 

both the seasons are presented in Tables 23a and 23b.  

 There was significant variation in SLW due to varieties and foliar spray in both 

the seasons. At 30 DAS, the highest value of SLW was recorded by the variety VBN 5 

in both the seasons (0.43 mg cm-2 and 0.35 mg cm-2 respectively). At 45 DAS, 

Sumanjana recorded Superior SLW of 1.19 and 1.14 mg cm-2 respectively. However, 

at 60 DAS, both Sumanjana and DBGV 5 recorded higher values of SLW in both the 

seasons and were on par (2.32 mg cm-2 and 2.27 mg cm-2 in summer and 2.28 and 2.23 

mg cm-2 in Rabi respectively). During both the seasons, the highest SLW was recorded 

by the variety Sumanjana (4.03 and 3.76 mg cm-2 respectively) at 75 DAS. 

It is evident that foliar nutrition had significant effect on SLW at all the growth 

stages. At 30 DAS, foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of 

NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) recorded 
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Table 23a Effect of varieties and foliar application on specific leaf weight during summer 2020 and Rabi 2020-21, mg cm-2 

 

Treatments 
Specific leaf weight (SLW) 

Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 30 DAS 45 DAS 60 DAS 75 DAS 30 DAS 45 DAS 60 DAS 75 DAS 

v1 – Sumanjana 0.33 1.19 2.32 4.03 0.27 1.14 2.28 3.76 

v2
 - DBGV 5  0.32 1.03 2.27 3.81 0.26 0.98 2.23 3.55 

v3 - VBN 5 0.43 0.59 1.55 1.13 0.35 0.56 1.52 1.05 

v4 - VBN 6 0.19 0.58 0.83 0.72 0.16 0.56 0.81 0.67 

v5 - CO 6 0.33 0.68 1.30 1.33 0.26 0.62 1.28 1.24 

SEm(±) 0.03 0.01 0.02 0.03 0.02 0.01 0.02 0.02 

CD (0.05) 0.080 0.041 0.061 0.091 0.067 0.031 0.056 0.072 

Sub plot - Foliar spray (F)      

f1 - Foliar spray of 19:19:19 @ 

1%  
0.30 0.76 1.46 1.87 0.25 0.73 1.43 1.75 

f2  - Foliar spray of SOP @ 0.5%  0.28 0.88 1.49 1.67 0.22 0.85 1.47 1.56 

f3 - NAA 40 mg L-1 & SA 100 mg 

L-1  
0.36 0.81 1.83 2.55 0.29 0.77 1.80 2.37 

f4 - f3 + f1 0.37 0.93 1.65 3.00 0.30 0.89 1.62 2.80 

f5 - f3 + f2 0.35 0.84 1.79 2.51 0.29 0.81 1.76 2.34 

f6 - Control (KAU POP) 0.27 0.66 1.70 1.60 0.21 0.59 1.67 1.50 

SEm(±) 0.03 0.01 0.02 0.04 0.02 0.01 0.02 0.03 

CD (0.05) 0.083 0.033 0.052 0.114 0.066 0.029 0.070 0.084 

f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

SLW 

Summer 2020 Rabi 2020-21 

30 DAS 45 DAS 60 DAS 75 DAS 30 DAS 45 DAS 60 DAS 75 DAS 

v1f1 0.34 1.15 2.25 3.79 0.28 1.10 2.21 3.53 

v1f2 0.28 1.18 2.20 3.26 0.22 1.13 2.16 3.04 

v1f3 0.33 1.15 2.34 4.10 0.27 1.11 2.30 3.82 

v1f4 0.31 1.53 2.62 5.22 0.25 1.47 2.57 4.87 

v1f5 0.46 1.19 2.40 4.12 0.37 1.14 2.36 3.84 

v1f6 0.26 0.94 2.13 3.68 0.21 0.90 2.09 3.43 

v2f1 0.26 1.06 2.09 3.59 0.21 1.02 2.05 3.34 

v2f2 0.30 1.28 2.35 3.51 0.25 1.23 2.30 3.27 

v2f3 0.41 0.93 2.39 4.33 0.34 0.89 2.35 4.03 

v2f4 0.44 1.00 2.09 4.47 0.36 0.96 2.06 4.17 

v2f5 0.40 0.97 2.38 4.01 0.33 0.93 2.34 3.74 

v2f6 0.09 0.92 2.33 2.95 0.07 0.88 2.29 2.75 

v3f1 0.47 0.51 1.20 0.75 0.38 0.49 1.18 0.70 

v3f2 0.40 0.68 1.19 0.65 0.32 0.66 1.17 0.61 

v3f3 0.37 0.58 1.72 1.32 0.30 0.56 1.69 1.23 

v3f4 0.48 0.57 1.17 1.91 0.39 0.54 1.15 1.78 

v3f5 0.42 0.63 2.10 1.59 0.34 0.61 2.07 1.48 

v3f6 0.43 0.53 1.89 0.53 0.35 0.51 1.85 0.50 

v4f1 0.09 0.56 0.67 0.48 0.08 0.54 0.66 0.45 

v4f2 0.11 0.56 0.43 0.35 0.09 0.54 0.43 0.32 

v4f3 0.29 0.64 1.09 1.00 0.24 0.61 1.07 0.93 

v4f4 0.20 0.58 0.98 1.19 0.16 0.56 0.96 1.11 

v4f5 0.17 0.63 0.97 1.04 0.14 0.60 0.95 0.97 

v4f6 0.30 0.54 0.82 0.26 0.25 0.52 0.81 0.25 

v5f1 0.35 0.50 1.08 0.75 0.28 0.48 1.06 0.70 

v5f2 0.30 0.72 1.31 0.61 0.24 0.69 1.28 0.57 

v5f3 0.38 0.73 1.59 1.99 0.31 0.70 1.56 1.85 

v5f4 0.41 0.96 1.37 2.23 0.33 0.93 1.35 2.08 

v5f5 0.31 0.80 1.11 1.80 0.25 0.77 1.09 1.68 

v5f6 0.24 0.37 1.35 0.59 0.15 0.15 1.33 0.55 

SEm(±) 0.07 0.03 0.04 0.09 0.05 0.02 0.05 0.07 

05) NS 0.079 0.121 0.250 NS 0.068 0.154 0.187 

Table 23b.  Interaction effect of varieties and foliar application on specific leaf weight 

during summer 2020 and Rabi 2020-21, mg cm-2 

NS - Not significant 
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higher SLW (0.37 mg cm-2 in summer and 0.30 mg cm-2 in Rabi) at 30 DAS and was 

on par with f3, f5 and f1 in both the seasons. The highest SLW was recorded in f4 at 45 

DAS in both the seasons (0.93 mg cm-2 and 0.89 mg cm-2 respectively). At 60 DAS, 

the highest SLW (1.83 mg cm-2) was recorded in f3 in summer season and the 

treatments f3 and f5 were on par in Rabi season (1.80 and 1.76 mg cm-2 respectively). 

At 75 DAS, maximum SLW of 3 and 2.8 mg cm-2 was recorded by f4 in the summer 

and Rabi respectively and was superior to rest of the treatments.  

 The interaction between varieties and foliar application marked no significant 

variation in SLW at 30 DAS during both the seasons. At 45, 60 and 75 DAS, the highest 

SLW was recorded in the treatment combination v1f4 in summer (1.53 mg cm-2, 2.62 

mg cm-2 and 5.22 mg cm-2) and Rabi season (1.47 mg cm-2, 2.57 mg cm-2 and 4.87 mg 

cm-2 respectively).     

4.2.4.5 Chlorophyll Content 

 The variation in chlorophyll content at flowering due to varieties, and foliar 

spray and their interaction during both the seasons is given in Table 24a and 24b.  

The results revealed that the chlorophyll content varied significantly among the 

varieties during both the seasons. During summer, the highest chlorophyll content was 

recorded by the variety DBGV 5 (1.96 mg g-1 fresh tissue) while during Rabi, 

Sumanjana recorded the same (2.36 mg g-1 fresh tissue).  

Foliar spray had significant effect on chlorophyll content at flowering during 

both the seasons. The foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of 

NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) recorded 

higher chlorophyll content (1.88 mg g-1 fresh tissue) and was on par with f3, f5 and f1 

in summer season and the highest value by the subplot treatment f4 (2.25 mg g-1 fresh 

tissue) in Rabi season.  
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 Varieties and foliar nutrition together had significant effect on chlorophyll 

content and the highest chlorophyll content was recorded by v1f4 during both the 

seasons, the values being 2.15 mg g-1 fresh tissue and 2.58 mg g-1 fresh tissue 

respectively.  

4.2.4.6 Stomatal Index 

 The stomatal index computed at flowering are presented in Table 24a and 24b. 

There was significant variation in stomatal index due to varieties, foliar spray and their 

interaction.  

Among the varieties, Sumanjana recorded the lowest stomatal index in both the 

seasons (15.16% and 13.34%). The highest value of stomatal index was recorded by 

the variety VBN 6 (20.75%) in summer season and the varieties VBN 6 and CO 6 

recorded higher value of stomatal index (16.40% and 16.07 %) in Rabi and were on 

par.  

Foliar nutrition and PGRs had significant influence on stomatal index and spray 

of 19:19:19 (1%) at 45 and 60 DAS + NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (f4) recorded lower stomatal index (17.70 %) and was on 

par with rest of the treatments except f2, in summer season. During Rabi, there was no 

significant difference in stomatal index due to foliar spray.  

 There was significant difference in stomatal index due to interaction of varieties 

and foliar spray in summer season and the lower stomatal index was recorded in v1f4 

(13.80 %) and was on par with v1f3 (14.0%) and v1f5 (14.20 %).  

4.2.4.7 Stomatal Conductance 

 The effect of varieties, foliar spray and their interaction on stomatal 

conductance at flowering are presented in Table 24a and 24b.  
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Treatment 

Summer 2020 Rabi 2020-21 

Chlorophyll 

content 

(mg g-1) 

Stomatal 

index (%) 

Stomatal 

conductance (m 

moles m-2 s-1) 

Soluble 

protein 

(mg g-1) 

Chlorophy

ll content 

(mg g-1) 

Stomatal 

index (%) 

Stomatal 

conductance (m 

moles m-2 s-1) 

Soluble 

protein 

(mg g-1) 

Main plot - Varieties (V) 

v1 - Sumanjana 1.91 15.16 30.22 17.66 2.36 13.34 28.34 17.17 

v2
 - DBGV 5 1.96 16.81 29.04 17.91 2.27 14.98 21.86 16.86 

v3 - VBN 5 1.57 17.21 24.04 17.66 1.88 15.34 24.58 16.66 

v4 - VBN 6 1.51 20.75 23.07 17.48 1.82 16.40 26.06 16.73 

v5 - CO 6 1.70 18.89 26.05 17.24 2.04 16.07 27.5 16.75 

SEm(±) 0.02 0.20 0.38 0.20 0.06 0.33 0.21 0.25 

CD (0.05) 0.048 0.857 1.011 NS 0.021 1.035 0.653 NS 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  1.70 17.91 25.99 17.73 2.03 14.93 25.15 16.67 

f2  - Foliar spray of SOP @ 0.5%  1.62 18.52 24.84 17.46 1.94 15.18 24.36 16.91 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  1.80 18.16 27.68 17.41 2.17 15.63 24.95 16.79 

f4 - f3 + f1 1.88 17.70 28.84 17.85 2.25 15.61 29.46 17.25 

f5 - f3 + f2 1.81 18.04 27.72 17.64 2.17 15.26 26.69 16.66 

f6 - Control (KAU POP) 1.55 17.96 23.83 17.46 1.89 14.76 23.38 16.71 

SEm(±) 0.23 0.21 0.33 0.25 0.028 0.31 0.33 0.510 

CD (0.05) 0.064 0.600 0.920 NS 0.078 NS 0.945 NS 

Table 24a Effect of varieties and foliar application on chlorophyll content, stomatal index, stomatal conductance and soluble protein at 

flowering during summer 2020 and Rabi 2020-21 

 

NS - Not significant  f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 

  NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

Chlorophyll content 

(mg g-1) 

Stomatal index 

(%) 

Stomatal conductance 

(m moles m-2 s-1) 

Soluble protein 

(mg g-1) 

Chlorophyll content 

(mg g-1) 

Stomatal 

index (%) 

Stomatal conductance 

(m moles m-2 s-1) 

Soluble protein 

(mg g-1) 

v1f1 1.96 16.00 30.00 17.17 2.35 13.63 26.18 16.38 
v1f2 1.74 16.80 30.34 17.54 2.37 14.89 22.51 17.36 
v1f3 1.97 14.00 30.26 18.16 2.37 12.41 26.44 17.50 
v1f4 2.15 13.80 33.00 17.90 2.58 12.23 35.20 17.43 
v1f5 2.00 14.20 30.71 17.73 2.40 12.58 31.21 17.34 
v1f6 1.64 16.15 27.00 17.44 2.11 14.31 28.49 16.99 
v2f1 1.98 15.85 30.46 17.98 2.38 14.04 22.46 17.24 
v2f2 2.00 16.35 26.70 18.40 2.09 14.49 19.41 17.31 
v2f3 1.99 17.85 30.61 17.90 2.39 15.82 18.94 16.38 
v2f4 1.99 18.05 30.61 17.26 2.39 15.99 31.95 17.45 
v2f5 2.00 17.65 30.71 17.95 2.40 15.64 20.25 16.38 
v2f6 1.76 15.11 25.12 17.94 1.96 13.91 18.15 16.38 
v3f1 1.47 16.25 22.53 17.90 1.76 14.40 24.55 16.66 
v3f2 1.43 16.75 21.92 17.95 1.71 14.84 21.25 16.38 
v3f3 1.71 18.25 26.19 17.33 2.05 16.17 23.77 16.38 
v3f4 1.73 18.45 26.54 18.33 2.07 16.35 29.69 17.36 
v3f5 1.64 18.05 25.22 17.08 1.97 15.99 25.18 16.38 
v3f6 1.42 15.11 21.82 17.40 1.71 14.27 23.03 16.80 
v4f1 1.42 19.75 21.49 17.76 1.68 16.89 24.81 16.70 
v4f2 1.40 21.95 21.46 16.29 1.68 16.24 29.33 16.12 
v4f3 1.57 20.25 24.05 17.54 1.88 16.95 27.23 17.08 
v4f4 1.64 21.95 25.12 17.90 1.96 16.53 21.61 17.01 
v4f5 1.62 21.75 24.81 18.12 1.94 15.46 28.80 16.82 
v4f6 1.40 21.55 21.51 17.28 1.80 16.37 24.55 16.63 
v5f1 1.66 19.27 25.48 17.82 1.99 15.66 27.75 16.38 
v5f2 1.55 17.45 23.75 17.13 1.86 15.46 29.33 17.36 
v5f3 1.78 18.95 27.31 16.11 2.14 16.79 28.40 16.61 
v5f4 1.89 18.46 28.93 17.84 2.26 16.97 28.85 16.99 
v5f5 1.77 18.75 27.15 17.31 2.12 16.61 28.00 16.38 
v5f6 1.54 20.25 23.70 17.21 1.85 14.92 22.67 16.77 
SEm(±) 0.05 0.52 0.74 0.55 0.06 0.73 0.72 0.51 
CD (0.05) 0.140 1.493 2.132 NS 0.171 NS 2.036 NS 

NS - Not significant 

Table 24a Interaction effect of varieties and foliar application on chlorophyll content, stomatal index, stomatal conductance and 

soluble protein at flowering during summer 2020 and Rabi 2020-21 
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 The varieties and foliar nutrition tested had significant effect on stomatal 

conductance during both the seasons. Sumanjana recorded the highest stomatal 

conductance at flowering (30.22 m moles m-2 s-1 and 28.34 m moles m-2 s-1 

respectively) during both the seasons. 

Foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg 

L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) registered significantly 

higher stomatal conductance during both the seasons (28.84 m moles m-2 s-1 and 29.46 

m moles m-2 s-1 respectively).  

Among the interactions, stomatal conductance was superior with v1f4 recording 

the highest during both the seasons, the values being 33.0 m moles m-2 s-1 and 35.20 m 

moles m-2 s-1 respectively. 

4.2.4.8 Soluble Protein 

 The data on effect of varieties, foliar spray and their interaction on soluble 

protein are presented in Tables 24a and 24b.  

 Perusal of the data in Tables 24a and 24b indicated no significant variation in 

soluble protein content at flowering during both the seasons.    

4.2.5 Yield Attributes and Yield  

 Yield attributes viz., days to 50 per cent flowering, number of pods per plant, 

number of seeds per pod, 100 seed weight, seed and haulm yield per plant were 

recorded at harvest and the seed yield and haulm yield per ha, total dry matter 

production and harvest index were computed and presented in Tables 25a to 27b.  

 

 

Table 24b.  Interaction effect of varieties and foliar application on chlorophyll content, stomatal 

index, stomatal conductance and soluble protein at flowering during summer 2020 and Rabi 2020-21 
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4.2.5.1 Days to 50 Per Cent Flowering 

 The influence of main plot factor, subplot factor and their interaction effects on 

days to 50 per cent flowering is given in Tables 25a and 25b. There was significant 

variation in days to 50 per cent flowering due to varieties and foliar spray in both 

seasons.  

 In general, the plants grown in summer season flowered earlier than Rabi.   The 

number of days taken for 50 per cent flowering varied significantly among the varieties. 

During summer, the time taken for 50 per cent flowering ranged from 34.29 days to 

41.85 days while during Rabi, it ranged between 37.84 days to 46.55 days. Sumanjana 

attained 50 per cent flowering earlier compared to the other varieties in both seasons 

(34.29 days and 37.84 days respectively). Among the varieties, VBN 6 and VBN 5 took 

more time to flower during summer (41.85 days and 41.37 days) and Rabi (46.55 and 

46.25).  

Foliar spraying of nutrients and PGR elicited significant variation in days to 50 

per cent flowering. The subplot factor, foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f3) resulted in early flowering (36.58 days) and 

was on par with f5 (37.02 days) in summer. During the Rabi, the treatments, f3 took 

lesser days (40.63 days) to attain 50 per cent flowering and was on par with f4 (41.71 

days) and f5 (41.03 days). Flowering was found to be significantly delayed in foliar 

spray with nutrients alone viz., f2 (39.89 days), f6 (39.35 days) and f1 (39.31 days) and 

were on par with each other during summer. The same trend was observed during Rabi 

with 44.15, 43.87 and 43.51 days taken by f2, f6 and f1 respectively.  

 Among the interactions, Sumanjana with foliar spray of 19:19:19 (1%) at 45 

and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 

15 days later (v1f4) recorded the shortest duration to reach 50 per cent flowering during 

both the seasons (31.15 days and 34.48 days respectively).  
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Treatments Summer 2020 Rabi 2020-21 

Main plot - Varieties (V) 
Days to 50 % 

flowering 

Number of pods 

per plant 

Number of seeds 

per pod 

Days to 50% 

flowering 

Number of pods 

per plant 

Number of 

seeds per pod 

v1 - Sumanjana 34.29 27.30 7.34 37.84 26.54 7.16 

v2
 - DBGV 5  36.54 26.04 7.21 40.49 25.28 7.26 

v3 - VBN 5 41.37 19.82 7.12 46.25 19.27 7.16 

v4 - VBN 6 41.85 19.10 7.15 46.55 18.57 7.09 

v5 - CO 6 37.48 21.97 7.16 41.28 21.36 6.99 

SEm(±) 0.89 0.30 0.08 0.72 0.22 0.06 

CD (0.05) 0.289 0.940 NS 2.236 0.691 NS 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  39.31 22.47 7.13 43.51 21.85 7.19 

f2  - Foliar spray of SOP @ 0.5%  39.89 20.95 7.23 44.15 20.37 7.08 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  36.58 23.97 7.18 40.63 23.31 7.06 

f4 - f3 + f1 37.68 25.02 7.37 41.71 24.27 7.24 

f5 - f3 + f2 37.02 23.50 7.12 41.03 22.85 7.15 

f6 - Control (KAU POP) 39.35 21.17 7.14 43.87 20.58 7.08 

SEm(±) 0.29 0.29 0.09 0.54 0.32 0.09 

CD (0.05) 0.829 0.812 NS 1.513 0.891 NS 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 

Table 25a.  Effect of varieties and foliar application on days to 50 per cent flowering, number of pods per plant and number of seeds per pod 

during summer 2020 and Rabi 2020-21 
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Treatments 

Summer 2020 Rabi 2020-21 

Days to 50% 

flowering 

Number of 

pods per 

plant 

Number of 

seeds per pod 

Days to 

50% 

flowering 

Number of 

pods per 

plant 

Number of 

seeds per 

pod 

v1f1 35.40 28.09 7.00 39.18 27.31 6.96 

v1f2 36.38 25.32 7.42 40.27 24.61 7.11 

v1f3 31.15 27.30 7.48 34.48 26.54 7.36 

v1f4 34.20 30.24 7.45 37.86 29.40 7.26 

v1f5 33.40 28.17 7.41 36.97 27.39 7.19 

v1f6 35.20 24.69 7.26 38.31 24.00 7.07 

v2f1 36.26 25.32 7.37 40.14 24.61 7.29 

v2f2 38.00 25.16 7.40 42.07 24.46 7.46 

v2f3 35.70 27.22 7.00 39.52 26.46 7.26 

v2f4 36.00 28.30 7.46 39.85 27.26 7.00 

v2f5 35.63 23.85 7.00 39.70 23.19 7.28 

v2f6 37.63 26.43 7.00 41.65 25.70 7.27 

v3f1 41.72 18.36 7.12 46.18 17.85 7.26 

v3f2 44.00 18.06 7.00 48.71 17.55 7.28 

v3f3 39.55 22.31 7.00 43.78 21.70 7.03 

v3f4 40.77 21.36 7.42 45.13 20.77 7.43 

v3f5 38.77 21.35 7.00 42.92 20.76 6.92 

v3f6 43.41 17.50 7.18 50.78 17.02 7.05 

v4f1 45.26 18.72 7.14 50.10 18.20 7.20 

v4f2 41.10 17.25 6.89 45.50 16.77 6.60 

v4f3 40.31 19.62 7.30 44.62 19.08 7.11 

v4f4 40.93 20.76 7.27 45.31 20.19 7.26 

v4f5 40.70 20.57 7.19 45.05 20.00 7.35 

v4f6 42.79 17.66 7.11 48.75 17.17 7.01 

v5f1 37.90 21.87 7.00 41.95 21.26 7.22 

v5f2 39.95 18.99 7.42 44.22 18.46 6.95 

v5f3 36.20 23.40 7.10 40.75 22.75 6.53 

v5f4 36.50 24.43 7.26 40.40 23.75 7.23 

v5f5 36.60 23.56 7.00 40.51 22.90 7.02 

v5f6 37.70 19.59 7.17 39.86 19.05 6.98 

SEm(±) 0.67 0.66 0.21 1.31 0.68 0.19 

CD (0.05) 1.911 1.905. NS 3.809 1.945 NS 

NS - Not significant 

Table 25b.  Interaction effect of varieties and foliar application on days to 50 per cent flowering, 

number of pods per plant and number of seeds per pod during summer 2020 and Rabi 

2020-21 
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4.2.5.2 Number of Pods per Plant 

 The variations in number of pods per plant due to the treatments are presented 

in Table 25a and 25b. There was significant variation in number of pods per plant due 

to varieties and foliar spray and their interaction in both the seasons. Individual effect 

of varieties and foliar spray on number of pods per plant was significant and was 

superior for Sumanjana (27.30 and 26.54) during both the seasons.  

Superior number of pods per plant were recorded with foliar spray of 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (f4) during both the seasons (25.02 and 24.27  respectively).  

 The interaction between varieties and foliar application recorded significant 

variation in number of pods per plant. Sumanjana along with foliar spray of 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (v1f4) recorded the highest number of pods per plant in both 

the seasons (30.24 and 29.40 respectively). This was followed by v2f4 having 28.30 and 

27.26 pods per plant during both seasons. 

4.2.5.3 Number of Seeds per Pod 

 The data on the effect of varieties, foliar spray and their interaction on number 

of seeds per pods due to varieties are represented in Tables 25a and 25b.  

 Perusal of data in Tables 25a and 25b revealed that, there was no significant 

variation in number of seeds per pod due to varieties, foliar spray and their interaction 

effect.  

4.2.5.4 Hundred Seed Weight 

 The data on hundred seed weight as influenced by varieties, foliar spray and 

their interaction for both the seasons are presented in Tables 26a and 26b.  
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Hundred seed weight was significantly influenced by all the main factors. The 

varieties, DBGV 5 and Sumanjana produced bold seeds with higher 100 seed weight 

and were on par with each other in both the seasons (5.01 g and 4.99 g during summer 

and 4.88 g and 4.92 g during Rabi respectively).  

Foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg 

L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) resulted in higher value 

of 100 seed weight in summer and Rabi seasons (4.72 g and 4.66 g respectively) and 

was on par with f1 (4.63 g and 4.57 g).  

The results showed that interaction had significant effect on hundred seed 

weight. Sumanjana along with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar 

spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (v1f4) 

recorded higher seed weight (5.30 g) and was on par with v1f5 (5.17 g) and v2f4 (5.27 

g) in the first season. In Rabi, the treatment combinations v1f4 (6.17 g) and v2f4 (5.78 

g) were at par with each other. 

4.2.5.5 Seed Yield per Plant 

 The variation in seed yield per plant due to varieties and foliar spray during 

both the seasons are presented in Tables 26a and 26b.  

 The study revealed that varieties and foliar fertilization exerted significant 

influence on seed yield per plant in blackgram. The influence of the main factors were 

significant during both the seasons. Sumanjana recorded higher seed yield per plant in 

both the seasons (5.83 g and 5.56 g) and was on par with DBGV 5 (5.80 g and 5.44 g) 

in summer and Rabi respectively.  

Foliar spray given significantly influenced the seed yield per plant and spray of 

19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 

at pre-flowering and 15 days later (f4) produced the highest seed yield per plant in both 
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the seasons (5.71 g and 5.35 g per plant respectively).  

 Regarding the interaction effect, higher seed yield per plant was realized in 

Sumanjana along with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray 

of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (v1f4) and was 

on par with DBGV 5 with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar 

spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (v2f4) 

in summer season (6.42 g and 6.26 g respectively). During Rabi, higher seed yield per 

plant was recorded by v1f4 and was on par with v2f1 (6.17 g and 5.78 g).  

4.2.5.6 Haulm Yield per Plant 

 The data on haulm yield per plant as influenced by varieties, foliar spray and 

their interaction are given in Tables 26a and b. 

 There was significant variation in haulm yield per plant among the varieties 

during both the seasons. The variety DBGV 5 recorded higher haulm yield per plant 

and was on par with Sumanjana in the first season (13.20 g and 13.12 g). The haulm 

yields were comparable during Rabi season also, with 12.82 and 12.95 g per plant for 

DBGV 5 and Sumanjana respectively.   

 There was significant difference in haulm yield per plant due to foliar spray. 

The highest haulm yield per plant was recorded with foliar spray of 19:19:19 (1%) at 

45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering 

and 15 days later (f4) in both the seasons (12.37 g and 12.42 g respectively). Haulm 

yield recorded was lower for control (f6) in summer and Rabi (10.37 g and 10.36 g 

respectively).   

 Regarding the interaction effect, v1f4 recorded higher haulm yield per plant and 

was on par with v2f4 during both the seasons (14.57 and 14.46 g in summer and 15.11 

g and 14.27 g in the Rabi respectively).   
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Treatments 

Summer 2020 Rabi 2020-21 

100 seed 

weight 

Seed yield per 

plant 

Haulm yield 

per plant 

100 seed 

weight 

Seed yield per 

plant 

Haulm yield 

per plant 

Main plot - Varieties (V) 

v1 - Sumanjana 4.99 5.83 13.12 4.88 5.56 12.95 

v2
 - DBGV 5  5.01 5.80 13.20 4.92 5.44 12.82 

v3 - VBN 5 4.15 4.74 10.56 4.10 4.58 10.51 

v4 - VBN 6 4.30 4.52 9.31 4.25 4.39 9.25 

v5 - CO 6 4.30 5.12 10.60 4.39 4.57 10.36 

SEm(±) 0.04 0.02 0.12 0.06 0.07 0.17 

CD (0.05) 0.136 0.066 0.372 0.172 0.208 0.519 

Subplot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1% 4.63 5.09 10.87 4.57 4.91 10.71 

f2  - Foliar spray of SOP @ 0.5% 4.55 4.79 11.06 4.49 4.49 10.78 

f3 - NAA 40 mg L-1 & SA 100 mg L-1 4.50 5.40 11.84 4.43 5.04 11.52 

f4 - f3 + f1 4.72 5.71 12.37 4.66 5.35 12.42 

f5 - f3 + f2 4.57 5.43 11.63 4.46 5.08 11.29 

f6 - Control (KAU POP) 4.33 4.78 10.37 4.45 4.57 10.36 

SEm(±) 0.05 0.04 0.15 0.05 0.07 0.15 

CD (0.05) 0.129 0.099 0.431 0.143 0.198 0.436 

Table 26a Effect of varieties and foliar application on 100 seed weight, seed yield and haulm yield per plant during summer 2020 and 

Rabi 2020-21 

 

f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

100 seed 

weight 

Seed yield 

per plant 

Haulm yield 

per plant 

100 seed 

weight 

Seed yield 

per plant 

Haulm 

yield per 

plant 
v1f1 4.88 5.88 13.48 4.82 5.63 12.75 

v1f2 4.95 5.30 12.85 4.89 4.98 12.88 

v1f3 4.98 5.82 13.24 4.92 5.51 12.77 

v1f4 5.30 6.42 14.57 5.24 6.17 15.11 

v1f5 5.17 6.12 12.71 4.85 5.50 12.05 

v1f6 4.64 5.45 11.87 4.59 5.56 12.12 

v2f1 4.95 5.87 13.01 4.89 5.78 12.79 

v2f2 4.98 5.48 13.48 4.85 5.32 12.84 

v2f3 4.97 5.98 13.33 4.84 5.64 12.57 

v2f4 5.27 6.26 14.46 5.21 5.65 14.27 

v2f5 4.97 6.03 13.49 4.85 5.46 12.97 

v2f6 4.95 5.18 11.41 4.86 4.77 11.51 

v3f1 4.45 4.50 9.93 4.40 4.45 10.02 

v3f2 4.30 4.36 9.99 4.25 4.28 10.04 

v3f3 4.01 5.15 11.49 3.96 5.18 11.20 

v3f4 4.06 5.24 11.66 4.01 4.98 11.63 

v3f5 4.10 4.87 10.55 4.05 4.63 10.50 

v3f6 4.00 4.34 9.77 3.95 3.96 9.68 

v4f1 4.12 4.21 8.35 4.07 4.25 8.47 

v4f2 4.05 4.18 9.32 4.00 4.00 8.60 

v4f3 4.44 4.68 10.33 4.39 4.10 9.78 

v4f4 4.60 4.93 9.56 4.55 5.01 9.84 

v4f5 4.55 4.80 10.35 4.50 4.71 10.10 

v4f6 4.06 4.29 7.94 4.01 4.29 8.70 

v5f1 4.74 5.01 9.56 4.69 4.44 9.50 

v5f2 4.48 4.64 9.64 4.43 3.88 9.52 

v5f3 4.12 5.36 10.81 4.07 4.77 11.27 

v5f4 4.36 5.70 11.61 4.31 4.96 11.27 

v5f5 4.09 5.33 11.07 4.04 5.12 10.84 

v5f6 4.88 4.64 10.89 4.82 4.27 9.78 

SEm(±) 0.10 0.07 0.33 0.12 0.16 0.36 

CD (0.05) 0.297 0.212 0.955 0.338 0.454 1.029 

Table 26b.  Interaction effect of varieties and foliar application on 100 seed weight, seed yield and 

haulm yield per plant during summer 2020 and Rabi 2020-21 
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4.2.5.7 Seed Yield  

 The data on seed yield (kg ha-1) as influenced by varieties, foliar spray and their 

interaction are presented in Tables 27a and 27b. There was significant variation in seed 

yield ha-1 during both the seasons.  

 The varieties tested were found to vary significantly with respect to seed yield 

ha-1. Among these, Sumanjana recorded higher seed yield ha-1 and was on par with 

DBGV 5 during both the seasons (1530 kg ha-1 and 1501 kg ha-1 in summer and 1447 

kg ha-1 and 1446 kg ha-1 in Rabi respectively). The lowest of seed yield was recorded 

by VBN 6 during both seasons (1203 kg ha-1 and 1176 kg ha-1 in summer and Rabi 

respectively).   

There was significant difference in seed yield ha-1 due to foliar spray during 

both the seasons. Foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of 

NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) registered 

the highest seed yield in both the seasons (1536 kg ha-1 and 1474 kg ha-1 respectively). 

The lowest seed yield was recorded in control (f6) with the values being 1231 kg ha-1 

and 1182 kg ha-1 during summer Rabi respectively. 

 Among the interactions, higher seed yield ha-1 was recorded in Sumanjana with 

foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and 

SA 100 mg L-1 at pre-flowering and 15 days later (v1f4) and was on par with DBGV 5 

with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 

and SA 100 mg L-1 at pre-flowering and 15 days later (v2f4) in the summer season (1750 

kg ha-1 and 1713 kg ha-1). During Rabi season, the highest seed yield was recorded in 

v1f4 (1700 kg ha-1). 

 Pooled analysis of seed yield revealed that, the varieties Sumanjana and DBGV 

5 recorded higher seed yield (1489 kg ha-1 and 1473 kg ha-1) and subplot factor f4 

recorded the highest seed yield (1505 kg ha-1). The effect of main plot and subplot 
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factors was reflected in interaction and the treatment combination v1f4 (1725 kg ha-1) 

recorded the highest seed yield.      

4.2.5.8 Haulm Yield  

 The data on effect of varieties, foliar spray and their interaction on haulm yield 

(kg ha-1) are given in Tables 27a and 27b. Haulm yield varied significantly due to 

treatments during both the seasons. 

 The variation in haulm yield ha-1 was significant among the varieties during 

both the seasons. The variety DBGV 5 (3534 kg ha-1  and 3440 kg ha-1)  recorded higher 

haulm yield and was on par with Sumanjana (3513 and 3472 kg ha-1 ) in summer and 

Rabi season. This was followed by CO 6 (2841 kg ha-1) during summer season and 

VBN 5 (2823 kg ha-1) during Rabi.  

The results revealed that haulm yield varied significantly with foliar spray. 

Among the various subplot treatments, foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) recorded the highest haulm yield (3314 kg ha-1 and 3313 kg ha-1).  

 In the case of interaction, the treatment combination v1f4 and v2f4 recorded 

higher values for haulm yield kg ha-1 and were on par with each other during both the 

seasons (3900 kg ha-1 and 3870 kg ha-1 in summer and 4048 kg ha-1 and 3827 kg ha-1 

in Rabi season respectively).   

4.2.5.9 Total Dry Matter Production 

 The data on effect of varieties and foliar spray on dry matter production on both 

the seasons are presented in Tables 27a and 27b. There was significant variation in 

TDMP due to treatments.  

 The variety Sumanjana recorded higher TDMP and was on par with DBGV 5  
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Treatment 

Summer 2020 Rabi 2020-21 
Pooled  

mean 

seed yield  

(kg ha-1) 

Seed yield 

(kg ha-1) 

Haulm yield  

(kg ha-1) 

TDMP    

(kg ha-1) 

Harvest 

index 

Seed 

yield 

(kg ha-1) 

Haulm yield  

(kg ha-1) 

TDMP    

(kg ha-1) 

Harvest 

index 

Main plot - Varieties (V) 

v1 - Sumanjana 1530 3513 5028 0.30 1447 3472 4900 0.29 1489 

v2
 - DBGV 5  1501 3534 5020 0.30 1446 3440 4865 0.30 1473 

v3 - VBN 5 1259 2832 4076 0.31 1230 2823 4033 0.30 1244 

v4 - VBN 6 1203 2497 3685 0.33 1176 2486 3642 0.32 1189 

v5 - CO 6 1367 2841 4192 0.33 1314 2783 4077 0.32 1341 

SEm(±) 13.8 32.2 35.9 0.01 22.3 44.9 39.82 0.01 12.9 

CD (0.05) 42.44 99.24 110.79 NS 68.76 138.50 122.710 NS 37.29 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 

19:19:19 @ 1%  
1319 2913 4216 0.31 1279.77 2855 4135 0.31 1299 

f2  - Foliar spray of SOP @ 

0.5%  
1288 2963 4236 0.31 1246.81 2873 4120 0.30 1267 

f3 - NAA 40 mg L-1 & SA 

100 mg L-1  
1419 3172 4576 0.31 1365.95 3071 4437 0.31 1392 

f4 - f3 + f1 1536 3314 4835 0.32 1473.51 3313 4786 0.31 1505 

f5 - f3 + f2 1439 3117 4542 0.32 1387.43 3011 4399 0.31 1413 

f6 - Control (KAU POP) 1230 2781 3997 0.31 1181.88 2762 3944 0.30 1206 

SEm(±) 18.8 40.8 44.4 0.01 18.36 41.3 47.6 0.04 13.0 

CD (0.05) 52.96 99.24 125.15 NS 51.728 116.24 133.99 NS 36.30 

Table 27a.  Effect of varieties and foliar application on seed yield, haulm yield, TDMP and harvest index during summer 2020 and 

Rabi 2020-21 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 



127 
 

 

Treatments 

Summer 2020 Rabi 2020-21 Pooled mean 

seed yield  

(kg ha-1) 
Seed yield 

(kg ha-1) 

Haulm yield 

(kg ha-1) 

TDMP 

(kg ha-1) 

Harvest index Seed yield 

(kg ha-1) 

Haulm yield 

(kg ha-1) 

TDMP 

(kg ha-1) 

Harvest index 

v1f1 1474 3609 5068 0.29 1402 3421 4803 0.29 1438 

v1f2 1399 3442 4826 0.29 1379 3456 4815 0.29 1389 

v1f3 1525 3545 5055 0.30 1414 3425 4820 0.29 1470 

v1f4 1750 3900 5635 0.31 1700 4048 5728 0.30 1725 

v1f5 1618 3403 5006 0.32 1507 3234 4720 0.32 1562 

v1f6 1415 3181 4581 0.31 1282 3251 4513 0.28 1348 

v2f1 1503 3485 4973 0.30 1427 3430 4837 0.29 1465 

v2f2 1447 3609 5042 0.29 1426 3423 4849 0.29 1437 

v2f3 1525 3570 5080 0.30 1488 3373 4841 0.31 1507 

v2f4 1713 3870 5569 0.31 1538 3827 5345 0.29 1626 

v2f5 1539 3613 5137 0.30 1527 3478 4985 0.30 1533 

v2f6 1278 3056 4319 0.29 1266 3090 4336 0.29 1272 

v3f1 1181 2662 3829 0.31 1171 2693 3844 0.30 1176 

v3f2 1149 2679 3814 0.30 1134 2697 3812 0.30 1142 

v3f3 1373 3078 4436 0.31 1315 3007 4302 0.30 1344 

v3f4 1392 3125 4502 0.31 1363 3100 4464 0.30 1378 

v3f5 1298 2829 4112 0.34 1267 3120 4066 0.31 1282 

v3f6 1161 2619 3765 0.31 1129 2819 3710 0.30 1145 

v4f1 1100 2243 3328 0.33 1095 2601 3354 0.33 1098 

v4f2 1199 2500 3684 0.32 1088 2279 3381 0.32 1144 

v4f3 1309 2769 4063 0.32 1218 2314 3825 0.32 1263 

v4f4 1268 2564 3817 0.32 1283 2627 3908 0.33 1275 

v4f5 1301 2774 4060 0.33 1249 2645 3944 0.32 1275 

v4f6 1041 2131 3157 0.32 1122 2715 3441 0.32 1081 

v5f1 1336 2564 3885 0.33 1304 2340 3837 0.34 1320 

v5f2 1245 2585 3816 0.34 1207 2553 3745 0.32 1226 

v5f3 1362 2898 4245 0.32 1395 2558 4399 0.32 1378 

v5f4 1557 3112 4654 0.34 1483 3024 4487 0.33 1520 

v5f5 1442 2966 4393 0.33 1387 2911 4278 0.32 1414 

v5f6 1258 2919 4163 0.30 1111 2627 3718 0.30 1184 
SEm(±) 42.0 89.3 97.5 0.01 43.6 95.5 104.9 0.01 29.1 

CD (0.05) 118.43 254.64 278.31 NS 125.91 274.54 299.63 NS 81.17 

Table 27b.  Interaction effect of varieties and foliar application on seed yield, haulm yield, TDMP and harvest index during summer 2020 

and Rabi 2020-21 

NS - Not significant 
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during both the seasons (5028 kg ha-1 and 5020 kg ha-1 in the summer and 4900 kg        

ha-1 and 4865 kg ha-1 in the Rabi respectively).  

There was significant difference TDMP with foliar spray in both the seasons. 

The highest TDMP was recorded due to foliar spray of 19:19:19 (1%) at 45 and 60 

DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days 

later (f4) in summer and Rabi season (4835 kg ha-1 and 4786 kg ha-1 respectively). 

 Regarding the interaction effects, the treatment combinations v1f4 and v2f4 were 

on par (5635 and 5569 kg ha-1) during summer season and in Rabi, the highest TDMP 

was recorded in the treatment combination v1f4 (5728 kg ha-1).  

4.2.5.10 Harvest Index 

 The data on effect of varieties, foliar spray and their interaction on harvest index 

are given in Tables 27a and 27b. There was no significant difference in harvest index 

due to varieties and foliar spray in both the seasons. The interaction effect was not 

significant with respect to harvest index during both the seasons. 

4.2.5.11 Season wise Comparison of growth and yield of Sumanjana and DBGV 5 

under the Best Foliar spray (f4) identified 

 Table 27c represents season wise comparison of growth and yield of Sumanjana 

and DBGV 5 under the best foliar spray (f4). The growth characters viz., plant height 

and leaf area index were higher in summer compared to Rabi. Number of nodules per 

plant, total chlorophyll content and stomatal conductance were higher during Rabi 

season compared to summer season. Sumanjana (v1) and DBGV 5 (v2) marked early 

flowering during summer season.  Number of pods per plant, seed yield and haulm 

yield recorded were higher in summer season in v1f4 and v2f4 compared to Rabi season.   
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Table 27c. Season wise comparison of growth and yield of Sumanjana (v1) and DBGV 

5 (v2) under the best foliar spray (f4) 

 

 

 

 

Particulars 

Summer Rabi 

v
1
f
4
 v

2
f
4
 v

1
f
4
 v

2
f
4
 

Plant height (cm) 97.70 93.84 91.45 73.99 

Leaf area index at flowering 6.71 4.12 6.10 6.03 

Number of nodules per plant at 

flowering 
25.80 24.53 33.0 30.54 

Total chlorophyll (mg g
-1 

fresh 

tissue) at flowering 
2.15 1.99 2.58 2.39 

Stomatal conductance (m moles m
-2
 s

-1
) 

at flowering 
33.0 30.61 35.20 31.95 

Days to 50% flowering 34.20 36.0 37.86 39.85 

Number of pods per plant 30.24 28.30 29.40 27.26 

Seed yield (kg ha
-1

) 1750 1713 1700 1538 

Haulm yield (kg ha
-1

) 3900 3870 4048 3827 
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4.2.6 Quality Parameters 

 The quality characters viz., grain dry matter, grain protein and nitrate content 

of grain were computed at harvest and the results are presented in Tables 28a and 28b. 

4.2.6.1 Grain Dry Matter 

There was no significant variation in grain dry matter due to varieties and foliar 

spray in both the seasons. The interaction effect also did not show any variation in grain 

dry matter (Table 28b). 

4.2.6.2 Grain Protein 

 The data on variation in grain protein content due to varieties, foliar spray and 

their interaction are given in Tables 28a and 28b. There was no significant variation in 

grain protein content due to varieties during both the seasons. 

 Foliar spray had significant influence on grain protein content in summer 

season and foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 

mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) resulted in higher 

grain protein content (23.12%) and was on par with all other treatments except f2 and 

f6. There was no significant variation in grain protein content due to interaction in both 

the seasons.    

4.2.6.3 Nitrate Content 

 The perusal of data in Tables 28a and 28b revealed that, there was no significant 

variation in nitrate content due to main plot, subplot and interaction effect in both the 

seasons under study. In general, nitrate content was found to be higher in summer 

compared to Rabi.  
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Treatments 

Summer 2020 Rabi 2020-21 

Grain dry 

matter (%) 

Grain protein 

(%) 

NO3 content 

(µg NO3
- g-1) 

Grain dry 

matter (%) 

Grain protein 

(%) 

NO3 content  

(µg NO3
- g-1) 

Main plot - Varieties (V) 

v1 – Sumanjana 91.24 22.20 0.1620 90.74 23.56 0.156 

v2
 - DBGV 5  91.45 22.55 0.1615 90.95 23.14 0.153 

v3 - VBN 5 89.40 21.37 0.1608 88.9 22.86 0.151 

v4 - VBN 6 88.88 22.23 0.1610 88.38 22.96 0.152 

v5 - CO 6 90.16 21.91 0.1598 89.67 22.99 0.152 

SEm(±) 0.92 0.21 0.0020 0.68 0.25 0.002 

CD (0.05) NS NS NS NS NS NS 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  90.01 21.85 0.1607 89.51 22.88 0.152 

f2  - Foliar spray of SOP @ 0.5%  89.52 21.22 0.1625 89.02 23.21 0.154 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  90.67 22.33 0.1608 90.17 23.04 0.152 

f4 - f3 + f1 91.15 23.12 0.1603 90.65 23.68 0.157 

f5 - f3 + f2 90.69 22.78 0.1610 90.19 22.87 0.151 

f6 - Control (KAU POP) 89.32 21.00 0.1610 88.82 22.94 0.152 

SEm(±) 0.98 0.30 0.0018 1.19 0.66 0.002 

CD (0.05) NS 0.843 NS NS NS NS 

          Table 28a.  Effect of varieties and foliar application on grain dry matter, protein and nitrate content during summer 2020 and Rabi 2020-21 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

Grain dry 

matter (%) 

Grain 

protein 

(%) 

NO3 content 

(µg NO3
- g-1) 

Grain dry 

matter (%) 

Grain 

protein 

(%) 

NO3 content 

(µg NO3
- g-1) 

v1f1 91.50 22.55 0.163 90.99 22.48 0.149 

v1f2 90.53 20.06 0.162 90.03 23.83 0.157 

v1f3 91.41 22.74 0.161 90.91 24.02 0.152 

v1f4 92.21 24.80 0.161 91.70 23.93 0.152 

v1f5 91.83 23.08 0.163 91.32 23.80 0.149 

v1f6 89.96 20.00 0.162 89.46 23.31 0.158 

v2f1 91.51 22.89 0.161 91.01 23.67 0.157 

v2f2 91.27 23.04 0.159 90.77 23.77 0.149 

v2f3 91.64 23.00 0.161 91.13 22.48 0.147 

v2f4 92.01 23.00 0.160 91.50 23.96 0.158 

v2f5 91.71 23.08 0.164 91.20 22.48 0.159 

v2f6 90.58 20.29 0.165 90.08 22.48 0.149 

v3f1 88.89 20.40 0.161 88.40 22.86 0.149 

v3f2 88.53 20.50 0.161 88.04 22.48 0.155 

v3f3 90.29 21.00 0.160 89.79 22.48 0.151 

v3f4 90.46 22.40 0.163 89.96 23.83 0.158 

v3f5 89.73 22.50 0.160 89.23 22.48 0.158 

v3f6 88.48 21.40 0.160 87.99 23.06 0.158 

v4f1 88.12 22.30 0.159 87.63 22.93 0.155 

v4f2 88.04 21.50 0.170 87.56 22.12 0.154 

v4f3 89.32 22.50 0.161 88.83 23.44 0.158 

v4f4 89.86 22.40 0.158 89.36 23.35 0.149 

v4f5 89.58 22.44 0.159 89.08 23.09 0.149 

v4f6 88.34 22.21 0.157 87.85 22.83 0.153 

v5f1 90.02 21.14 0.159 89.52 22.48 0.149 

v5f2 89.22 21.00 0.160 88.73 23.83 0.155 

v5f3 90.67 22.40 0.160 90.17 22.80 0.149 

v5f4 91.23 23.00 0.160 90.73 23.32 0.153 

v5f5 90.62 22.80 0.159 90.12 22.48 0.151 

v5f6 89.22 21.10 0.161 88.73 23.02 0.152 

SEm(±) 2.20 0.64 0.004 2.52 0.66 0.004 

CD (0.05) NS NS NS NS NS NS 

Table 28b.  Interaction effect of varieties and foliar application on grain dry matter, protein and 

nitrate content of blackgram during summer 2020 and Rabi 2020-21 

NS - Not significant 
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4.2.7 Plant Analysis 

4.2.7.1 NPK Content 

 The data on NPK content of plant as affected by varieties and foliar spray are 

given in Tables 29a and 29b.  

 There was no significant variation in N and K contents due to varieties and 

foliar spray in both the seasons. Regarding P content, significant variation was 

observed among varieties and Sumanjana recorded higher P content in both the seasons 

and was on par with CO 6 (0.52% and 0.48% in summer and 0.49% and 0.48 % in Rabi 

respectively).   

There was no significant difference in P content due to foliar spray in summer 

season. In Rabi, the highest value of P content (0.48) was registered with the foliar 

spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 

mg L-1 at pre-flowering and 15 days later (f4).   

Among the interactions, v x f  indicated significant variation with respect to P 

content only during Rabi. In Rabi, higher P content was recorded in v1f4 which was on 

par with v1f1 (0.53%).    

4.2.7.2 Uptake of NPK 

 The data on the effect of varieties, foliar spray and their interaction on NPK 

uptake of blackgram during the both the seasons are given in Tables 30a and 30b. There 

was significant variation in NPK uptake due to treatments.  

 Among the varieties, DBGV 5 recorded higher N uptake (132.70 kg ha-1) and 

was on par with Sumanjana (129.27 kg ha-1) during the summer season and the highest 

value of N uptake was recorded by Sumanjana (128.28 kg ha-1) in the Rabi season. The 

lowest N uptake was by VBN 6 during both the seasons. Foliar spray of 19:19:19 (1%)  
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Treatments 
Summer 2020 Rabi 2020-21 

N P K N P K 

Main plot - Varieties (V) 

v1 – Sumanjana 3.58 0.52 3.74 3.58 0.49 3.77 

v2
 - DBGV 5  3.50 0.42 3.66 3.49 0.43 3.62 

v3 - VBN 5 3.60 0.45 3.74 3.65 0.46 3.78 

v4 - VBN 6 3.66 0.41 3.72 3.59 0.41 3.75 

v5 - CO 6 3.68 0.48 3.84 3.59 0.48 3.79 

SEm(±) 0.03 0.02 0.03 0.04 0.01 0.06 

CD (0.05) NS 0.030 NS NS 0.017 NS 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  3.59 0.44 3.75 3.58 0.45 3.80 

f2  - Foliar spray of SOP @ 0.5%  3.60 0.45 3.76 3.60 0.45 3.73 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  3.52 0.45 3.68 3.55 0.43 3.64 

f4 - f3 + f1 3.60 0.47 3.76 3.60 0.48 3.70 

f5 - f3 + f2 3.64 0.47 3.78 3.57 0.46 3.81 

f6 - Control (KAU POP) 3.66 0.46 3.72 3.58 0.43 3.78 

SEm(±) 0.06 0.01 0.05 0.05 0.01 0.06 

CD (0.05) NS NS NS NS 0.019 NS 

Table 29a. Effect of varieties and foliar application on N, P and K content during summer 2020 and Rabi 2020-21, per cent 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 
Summer 2020 Rabi 2020-21 

N content P content K content N content P content K content 

v1f1 3.64 0.52 3.82 3.65 0.53 3.79 

v1f2 3.42 0.54 3.59 3.41 0.52 3.59 

v1f3 3.45 0.50 3.62 3.46 0.41 3.53 

v1f4 3.75 0.51 3.84 3.74 0.57 3.96 

v1f5 3.55 0.52 3.73 3.54 0.49 3.85 

v1f6 3.67 0.55 3.86 3.66 0.43 3.88 

v2f1 3.39 0.38 3.56 3.40 0.43 3.65 

v2f2 3.63 0.42 3.82 3.62 0.47 3.69 

v2f3 3.38 0.43 3.55 3.37 0.42 3.52 

v2f4 3.47 0.42 3.64 3.47 0.41 3.44 

v2f5 3.39 0.41 3.56 3.37 0.42 3.53 

v2f6 3.71 0.44 3.85 3.70 0.47 3.91 

v3f1 3.77 0.45 3.84 3.75 0.46 4.02 

v3f2 3.58 0.44 3.76 3.60 0.43 3.76 

v3f3 3.48 0.45 3.65 3.68 0.46 3.65 

v3f4 3.63 0.49 3.81 3.69 0.51 3.65 

v3f5 3.75 0.48 3.85 3.51 0.49 3.92 

v3f6 3.39 0.41 3.56 3.68 0.41 3.68 

v4f1 3.48 0.40 3.65 3.61 0.39 3.58 

v4f2 3.71 0.39 3.77 3.67 0.38 3.77 

v4f3 3.75 0.40 3.88 3.48 0.40 3.93 

v4f4 3.47 0.44 3.65 3.63 0.44 3.55 

v4f5 3.69 0.43 3.87 3.75 0.45 3.98 

v4f6 3.84 0.42 3.5 3.39 0.39 3.7 

v5f1 3.68 0.47 3.87 3.48 0.46 3.95 

v5f2 3.69 0.45 3.87 3.71 0.47 3.82 

v5f3 3.51 0.49 3.69 3.75 0.49 3.58 

v5f4 3.68 0.50 3.86 3.47 0.50 3.88 

v5f5 3.82 0.51 3.87 3.69 0.49 3.76 

v5f6 3.67 0.47 3.85 3.45 0.47 3.79 

SEm(±) 0.13 0.02 0.10 0.11 0.01 0.14 

CD (0.05) NS NS NS NS 0.042 NS 

Table 29b.  Interaction effect of varieties and foliar application on N, P and K content 

during summer 2020 and Rabi 2020-21, per cent 

NS - Not significant 
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at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering 

and 15 days later (f4) recorded higher N uptake (124.13 kg ha-1) and was on par with f3 

(119.85 kg ha-1) and f5 (122.96 kg ha-1) in summer season and the highest N uptake 

(123.43 kg ha-1) was recorded in f4 during Rabi. The interaction of varieties and foliar 

spray recorded significant variation in N uptake during Rabi season. Sumanjana with a 

combination spray of NPK and plant growth regulators (v1f4) proved superior with 

respect to N uptake (148.83 kg ha-1), followed by v1f1 (130.81 kg ha-1). The lowest N 

uptake was recorded in v4f6 (86.15 kg ha-1) and was on par with v4f1 and v4f2.          

 There was significant difference in P uptake due to varieties and foliar spray. 

The highest P uptake was recorded in Sumanjana in both the seasons (18.89 kg ha-1 and 

17.69 kg ha-1 respectively) and the lowest P uptake recorded by VBN 8 (11.29 kg ha-1 

and 11.01 kg ha-1) during both the seasons. During summer season, P uptake was 

significantly higher with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray 

of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) and was 

on par with f3 and f5 (16.31 kg ha-1, 15.57 kg ha-1 and 15.91 kg ha-1 respectively). In 

the Rabi season, significantly higher P uptake was recorded in f4 (16.75 kg ha-1). There 

was no significant difference in P uptake due to interaction effect in summer season. 

The treatment combination v1f4 recorded the highest P uptake of 22.68 kg ha-1 during 

Rabi.  

 The results revealed significant influence of varieties and foliar spray on K 

uptake in blackgram. The variety DBGV 5 recorded higher K uptake (139.38 kg ha-1) 

in summer and was on par with Sumanjana (135.05 kg ha-1) and in Rabi, the highest K 

uptake was recorded by Sumanjana (135.10 kg ha-1). Foliar spray had significant effect 

in K uptake with f4 resulting in higher K uptake which was comparable with f5 and f3 

during summer (129.75 kg ha-1, 127.47 kg ha-1 and 125.64 kg ha-1 respectively). In 

Rabi, the highest K uptake was recorded in f4 (126.97 kg ha-1). In the case of interaction, 

there was no significant difference in K uptake in summer season and the highest K  
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Treatments 
Summer 2020 Rabi 2020-21 

N uptake P uptake K uptake N uptake P uptake K uptake 

Main plot - Varieties (V) 

v1 - Sumanjana 129.27 18.89 135.05 128.28 17.69 135.10 

v2
 - DBGV 5  132.70 15.84 139.38 122.80 15.35 127.46 

v3 - VBN 5 108.45 13.71 112.87 107.46 13.60 111.15 

v4 - VBN 6 99.50 11.29 102.68 96.35 11.01 100.81 

v5 - CO 6 115.02 15.12 119.83 107.94 14.45 113.68 

SEm(±) 1.37 1.33 1.59 1.20 0.23 1.15 

CD (0.05) 4.212 0.433 4.742 3.698 0.718 3.550 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  113.53 14.12 118.58 109.44 14.04 116.32 

f2  - Foliar spray of SOP @ 0.5%  111.16 14.00 116.43 107.92 13.8 111.66 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  119.85 15.57 125.64 115.69 14.23 118.48 

f4 - f3 + f1 124.13 16.31 129.75 123.43 16.75 126.97 

f5 - f3 + f2 122.96 15.91 127.47 115.00 15.08 122.57 

f6 - Control (KAU POP) 110.31 13.91 113.91 103.92 12.62 109.83 

SEm(±) 2.68 0.48 2.42 1.51 0.16 1.38 

CD (0.05) 7.564 1.346 6.807 4.260 0.436 3.881 

Table 30a.  Effect of varieties and foliar application on N, P and K uptake during summer 2020 and Rabi 2020-21, kg ha-1 

f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 
Summer 2020 Rabi 2020-21 

N uptake P uptake K uptake N uptake P uptake K uptake 

v1f1 139.31 19.87 145.77 130.81 18.98 135.74 

v1f2 121.00 19.06 126.94 118.63 18.10 124.98 

v1f3 130.59 18.92 137.15 124.44 14.75 126.96 

v1f4 131.23 18.09 134.45 148.83 22.68 157.59 

v1f5 131.94 19.37 138.46 122.80 17.01 133.65 

v1f6 121.53 18.05 127.53 124.18 14.59 131.65 

v2f1 126.83 14.22 134.09 122.81 15.53 131.84 

v2f2 136.80 15.96 144.65 127.50 16.54 129.88 

v2f3 130.04 16.36 136.77 119.35 14.86 124.57 

v2f4 141.44 17.14 148.56 128.12 15.14 127.01 

v2f5 132.29 15.96 138.33 122.71 15.29 128.54 

v2f6 128.83 15.38 133.86 116.30 14.77 122.90 

v3f1 106.48 12.74 108.29 105.09 12.90 112.73 

v3f2 100.25 12.38 105.51 99.71 11.92 114.21 

v3f3 114.06 14.76 119.81 115.64 14.44 114.62 

v3f4 120.70 16.30 126.75 120.28 16.62 118.97 

v3f5 114.18 14.65 117.71 104.45 14.59 116.74 

v3f6 95.00 11.40 99.14 99.61 11.10 99.61 

v4f1 87.32 10.01 91.65 89.25 9.66 88.63 

v4f2 92.84 9.79 94.95 91.44 9.46 93.87 

v4f3 111.10 11.97 115.41 97.81 11.25 110.54 

v4f4 100.53 12.70 105.86 104.82 12.71 102.51 

v4f5 111.26 12.98 116.87 108.64 13.04 115.30 

v4f6 93.97 10.30 91.36 86.15 9.91 94.03 

v5f1 107.70 13.74 113.09 99.24 13.12 112.64 

v5f2 104.92 12.82 110.10 102.33 12.96 105.37 

v5f3 113.45 15.81 119.05 121.20 15.84 115.71 

v5f4 126.75 17.32 133.10 115.10 16.60 128.79 

v5f5 125.11 16.60 125.98 116.40 15.46 118.60 

v5f6 112.20 14.44 117.67 93.37 12.72 100.95 

SEm(±) 5.65 1.07 5.17 3.31 0.39 3.04 

CD (0.05) NS NS NS 9.445 1.143 8.677 

Table 30b.  Interaction effect of varieties and foliar application on N, P and K uptake of blackgram 

during summer 2020 and Rabi 2020-21, kg ha-1 

NS - Not significant 
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uptake was recorded in the treatment combination wherein Sumanjana was supplied 

with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 

and SA 100 mg L-1 at pre-flowering and 15 days later (v1f4) in the Rabi                      

(157.59 kg ha-1).  

4.2.8 Soil Analysis 

4.2.8.1 Soil pH 

The data in table 31a and 31b shows the variation in soil pH due to varieties, 

foliar spray and their interaction during summer and Rabi respectively.  

Perusal of the data revealed that the soil pH did not vary significantly with 

varieties and foliar spray in both the seasons. The interaction also did not record any 

significant variation in both the seasons under study. However, soil pH showed 

significant variation with respect to foliar nutrition during Rabi.  

4.2.8.2 Electrical Conductivity 

 The data in Table 31a and 31b shows the variation in electrical conductivity 

(EC) with respect to varieties and foliar spray in both the seasons. The results showed 

that the variation on EC was not significant due to varieties, and foliar spray during 

both the seasons. In the case of interaction also, the treatments failed to produce any 

significant difference in electrical conductivity in both the seasons.   

4.2.8.3 Organic Carbon 

The data in Tables 31a and 31b represents the effect of varieties and foliar spray 

on soil organic carbon after the experiment during both the seasons. There was no 

significant variation in organic carbon due to varieties and foliar spray and their 

interaction in summer. During the Rabi, organic carbon content was higher (0.96%) in 

the soil, where the variety Sumanjana was raised and was on par with DBGV 5 (0.95%).  
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Treatments 
Summer 2020 Rabi 2020-21 

Soil pH EC  (ds m-1) 
Organic carbon 

(%) 
Soil pH EC  (ds m-1) 

Organic carbon 

(%) 

Main plot - Varieties (V) 

v1 – Sumanjana 6.28 0.168 0.98 5.98 0.155 0.96 

v2
 - DBGV 5  6.23 0.170 0.95 5.78 0.150 0.95 

v3 - VBN 5 6.21 0.167 0.93 5.67 0.150 0.78 

v4 - VBN 6 6.23 0.168 0.96 5.73 0.150 0.79 

v5 - CO 6 6.22 0.175 0.96 5.74 0.152 0.94 

SEm(±) 0.06 0.002 0.02 0.09 0.001 0.03 

CD (0.05) NS NS NS NS NS 0.011 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  6.22 0.171 0.96 5.71 0.149 0.89 

f2  - Foliar spray of SOP @ 0.5%  6.22 0.171 0.93 5.77 0.153 0.89 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  6.24 0.169 0.97 5.73 0.151 0.84 

f4 - f3 + f1 6.25 0.165 0.95 6.04 0.157 1.04 

f5 - f3 + f2 6.22 0.169 0.96 5.69 0.150 0.93 

f6 - Control (KAU POP) 6.25 0.175 0.97 5.74 0.150 0.71 

SEm(±) 0.017 0.003 0.01 0.08 0.002 0.01 

CD (0.05) NS NS NS 0.230 NS 0.034 

Table 31a.  Effect of varieties and foliar application on soil pH, EC and organic carbon content during summer 2020 and Rabi 2020-21 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

Soil pH EC ( ds m-1) 
Organic 

carbon 
Soil pH EC ( ds m-1) 

Organic 

carbon (%) 

v1f1 6.23 0.168 0.99 5.61 0.145 0.93 

v1f2 6.24 0.168 0.95 5.95 0.155 1.01 

v1f3 6.26 0.168 0.99 5.99 0.160 0.99 

v1f4 6.29 0.158 0.94 6.61 0.160 1.09 

v1f5 6.28 0.165 1.02 5.93 0.155 0.93 

v1f6 6.40 0.180 0.98 5.82 0.155 0.82 

v2f1 6.22 0.178 0.96 5.91 0.155 0.93 

v2f2 6.24 0.168 0.91 5.93 0.155 0.96 

v2f3 6.24 0.175 0.98 5.53 0.145 0.85 

v2f4 6.25 0.158 0.97 5.98 0.158 1.09 

v2f5 6.22 0.168 0.99 5.61 0.145 1.04 

v2f6 6.20 0.178 0.92 5.70 0.145 0.82 

v3f1 6.20 0.168 0.90 5.71 0.150 0.84 

v3f2 6.19 0.175 0.91 5.50 0.148 0.82 

v3f3 6.22 0.158 0.93 5.61 0.148 0.55 

v3f4 6.23 0.168 0.95 5.95 0.158 1.01 

v3f5 6.19 0.158 0.91 5.52 0.150 0.93 

v3f6 6.20 0.175 1.01 5.76 0.150 0.55 

v4f1 6.22 0.173 0.98 5.72 0.150 0.88 

v4f2 6.21 0.168 0.95 5.52 0.148 0.74 

v4f3 6.24 0.175 1.01 5.85 0.153 0.82 

v4f4 6.25 0.158 0.89 5.83 0.153 0.93 

v4f5 6.21 0.168 0.97 5.76 0.150 0.82 

v4f6 6.22 0.170 0.98 5.70 0.148 0.55 

v5f1 6.21 0.168 0.97 5.61 0.145 0.87 

v5f2 6.20 0.175 0.92 5.95 0.158 0.95 

v5f3 6.23 0.168 0.96 5.69 0.148 0.98 

v5f4 6.24 0.183 0.97 5.82 0.158 1.09 

v5f5 6.20 0.188 0.94 5.61 0.150 0.93 

v5f6 6.21 0.173 0.97 5.75 0.153 0.82 

SEm(±) 0.16 0.006 0.03 0.19 0.004 0.27 

CD (0.05) NS NS NS NS NS 0.077 

Table 31b. Interaction effect of varieties and foliar application on soil pH, EC and organic carbon 

content during summer and Rabi 

NS - Not significant 



142 
 

There was significant variation in organic carbon due to foliar spray in Rabi 

and the treatment 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 

and SA 100 mg L-1 at pre-flowering and 15 days later (f4) recorded the highest organic 

carbon (1.04%). The lowest organic carbon content was recorded in f6 (0.71%). 

There was no significant difference in organic carbon due to interaction in 

summer season. In the Rabi season, the treatment combinations v1f4, v2f4, v5f4, v2f5, and 

v1f2 recorded higher organic carbon content and were on par with each other (1.09%, 

1.09%, 1.09%, 1.04% and 1.01% respectively). 

4.2.8.4 Available NPK 

The available NPK status of soil after the experiment is presented in Table 32a 

and 32b.  

There was significant variation in soil available N in both the seasons due to 

varieties, foliar spray and their interaction. During summer season, the highest soil N 

status was recorded in soils with the variety Sumanjana (188.16 kg ha-1), while in Rabi, 

the plots with Sumanjana (v1) and DBGV 5 (v2) were on par (209.42 kg ha-1 and 206.32 

kg ha-1). In the case of subplot factor, foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) recorded significantly higher N status in both the seasons (208.23 kg ha-1 and 

223.25 kg ha-1 respectively). The interaction effect was also significant in both the 

seasons. In summer, maximum mean value of 225.79 kg ha-1 was recorded in the 

treatment combination Sumanjana with foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(v1f4). During the Rabi, the treatment combination v2f4 (237.98 kg ha-1) recorded higher 

N status (237.43 kg ha-1 and 225.97 kg ha-1) and was on par with v1f4 and v2f5. 

    There was no significant difference in soil P status due to varieties, foliar 

spray and their interaction during summer season. During Rabi, there was significant  
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Treatments 
Summer 2020 Rabi 2020-21 

Available N Available P Available K Available N Available P Available K 

Main plot - Varieties (V) 

v1 - Sumanjana 188.16 37.06 376.90 209.42 40.08 366.97 

v2
 - DBGV 5  184.50 36.26 370.41 206.32 38.68 360.38 

v3 - VBN 5 175.62 35.67 362.34 170.57 37.98 356.13 

v4 - VBN 6 175.62 36.55 371.27 171.94 38.38 357.63 

v5 - CO 6 171.43 36.40 367.23 201.78 38.45 358.05 

SEm(±) 0.24 0.49 4.36 1.99 0.59 5.03 

CD (0.05) 0.7204 NS NS 6.139 NS NS 

Sub plot - Foliar spray (F) 

f1 - Foliar spray of 19:19:19 @ 1%  191.30 36.41 369.81 194.31 38.25 356.43 

f2  - Foliar spray of SOP @ 0.5%  163.07 35.42 360.07 195.19 38.64 361.43 

f3 - NAA 40 mg L-1 & SA 100 mg L-1  165.58 36.98 375.59 182.20 38.42 358.93 

f4 - f3 + f1 208.23 35.91 364.70 223.25 40.41 368.74 

f5 - f3 + f2 175.62 36.66 372.32 202.28 38.08 356.13 

f6 - Control (KAU POP) 170.60 36.95 375.28 154.80 38.47 357.33 

SEm(±) 0.26 0.46 4.45 2.67 0.52 5.16 

CD (0.05) 0.721 NS NS 7.515 1.475 NS 

Table 32a.  Effect of varieties and foliar application on available N, P and K status of the soil during summer 2020 and Rabi 2020-21, 

kg ha-1 

NS - Not significant   f1, f2 - 45 and 60 DAS ; f3- pre flowering (30-35 DAS) and 15 days later 
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Treatments 

Summer 2020 Rabi 2020-21 

Available 

N 

Available 

P 

Available 

K 

Available 

N 

Available 

P 

Available 

K 
v1f1 200.70 37.43 380.18 202.50 37.61 350.13 

v1f2 175.62 35.38 362.31 219.97 39.85 371.14 

v1f3 163.07 37.80 383.92 215.60 40.13 374.14 

v1f4 225.79 35.60 361.58 237.43 44.20 372.64 

v1f5 188.16 38.75 393.57 202.50 39.71 370.64 

v1f6 175.62 37.40 379.86 178.49 39.01 363.14 

v2f1 191.30 36.40 369.70 201.96 39.57 368.64 

v2f2 163.07 34.50 363.37 208.51 39.71 370.14 

v2f3 175.62 37.20 377.83 184.49 37.04 350.13 

v2f4 213.25 36.90 374.78 237.98 39.99 373.14 

v2f5 188.16 37.50 380.87 225.97 37.61 350.13 

v2f6 175.62 35.04 355.89 179.03 38.17 350.13 

v3f1 200.70 34.24 347.76 183.94 38.17 356.13 

v3f2 163.07 35.63 362.10 178.49 36.76 350.13 

v3f3 175.62 35.20 357.51 118.99 37.61 350.13 

v3f4 188.16 36.04 366.05 220.51 39.85 371.14 

v3f5 150.53 34.52 350.61 202.50 36.90 350.13 

v3f6 175.62 38.40 390.02 118.99 38.59 359.14 

v4f1 188.16 37.18 377.63 192.68 38.31 357.14 

v4f2 163.07 35.92 364.80 161.02 37.05 344.63 

v4f3 150.53 38.20 387.98 177.94 39.15 365.14 

v4f4 213.25 34.00 345.33 202.50 39.01 363.64 

v4f5 175.62 36.80 373.76 178.49 38.59 359.64 

v4f6 163.07 37.23 378.13 118.99 38.17 355.63 

v5f1 175.62 36.80 373.76 190.49 37.61 350.13 

v5f2 150.53 35.69 347.76 207.96 39.85 371.14 

v5f3 163.07 36.50 370.72 213.96 38.17 355.13 

v5f4 200.70 37.00 375.80 217.82 39.01 363.14 

v5f5 175.62 35.72 362.80 201.96 37.61 350.13 

v5f6 163.07 36.68 372.53 178.49 38.45 358.63 

SEm(±) 0.57 1.06 10.08 5.80 1.22 11.67 

CD (0.05) 1.638 NS NS 16.514 NS NS 

Table 32b.  Interaction effect of varieties and foliar application on available N, P and K status of the 

soil during summer 2020 and Rabi 2020-21, kg ha-1 

NS - Not significant 
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variation only due to foliar spray and the highest P status (40.41 kg ha-1) was recorded 

with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 

and SA 100 mg L-1 at pre-flowering and 15 days later (f4).  There was no significant 

variation in soil available P due to varieties, foliar spray and their interaction in Rabi. 

Perusal of data in Table 32a revealed that, there was no significant difference 

in soil available K status due to varieties, foliar spray and their interaction in both the 

seasons.    

4.2.9 Pest and Disease Incidence 

In the present study, during both the seasons, pest and disease incidence were 

noticed but they were below the prescribed economic threshold level. At 20-30 DAS, 

tobacco caterpillar (Spodoptera litura) incidence was noticed and it was controlled 

using quinolphos 25 EC (KRUSH) @ 2 mL L-1. At reproductive stage (60-75 DAS) 

spotted pod borer (Maruca vitrata) observed was controlled using chlorantraniliprole 

18.5 SC (CORAGEN) @ 3 mL 10 L-1 twice weekly interval. Consequent to rain, the 

incidence of collar rot disease (Rhizctonia solani) was noticed and it was managed with 

carbendazim (BAVISTIN 50 WP) @ 1g L-1 at pod maturity stage.  

4.2.10 Economic Analysis 

 The economics of blackgram intercropped in coconut garden in summer and 

Rabi seasons are presented in Tables 33. There was significant difference in gross 

income, net income and benefit cost ratio in both the seasons.  

In summer, higher gross income, net income and BCR were recorded in the 

treatment combination v1f4 (₹ 139,976 ha-1, ₹ 72384 ha-1 and 2.07 respectively) 

followed by v2f4 (₹ 137,077 ha-1, ₹ 68544 ha-1 and 2.0 respectively). In Rabi also, gross 

income, net income and BCR were recorded were the highest for the treatment 

combination v1f4 (₹136,031 ha-1, ₹ 68439 ha-1 and 2.01) followed by v2f4. The highest  
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Treatments 

Cost of 

cultivation 

(₹ ha-1) 

Summer 2020 Rabi 2020-21 
Mean net income 

(₹ ha-1) 

Mean 

BCR 
Gross income 

(₹ ha-1) 

Net income 

(₹ ha-1) 
BCR 

Gross income 

(₹ ha-1) 

Net income 

(₹ ha-1) 
BCR 

v1f1 61974 117920 55946 1.90 112147 50173 1.81 53060 1.86 

v1f2 61499 111938 50440 1.82 110318 48820 1.79 49630 1.81 

v1f3 62742 121982 59240 1.94 113142 50400 1.80 54820 1.87 

v1f4 67592 139976 72384 2.07 136031 68439 2.01 70411 2.04 

v1f5 67117 129440 62323 1.93 120553 53435 1.80 57879 1.87 

v1f6 56284 113192 56908 1.92 97441 41157 1.73 49033 1.83 

v2f1 61974 120247 58273 1.94 114183 52209 1.84 55241 1.89 

v2f2 61499 115798 54300 1.88 114066 52567 1.85 53433 1.87 

v2f3 62742 121982 59240 1.94 119074 54332 1.80 57786 1.87 

v2f4 68532 137077 68544 2.00 123040 56508 1.90 61526 1.95 

v2f5 68057 123083 55026 1.81 122195 54138 1.80 54582 1.81 

v2f6 56284 102206 45923 1.82 101313 45029 1.80 45476 1.81 

v3f1 61974 94506 32533 1.52 93666 31693 1.51 32113 1.52 

v3f2 61499 91946 30448 1.50 90753 29254 1.48 29851 1.49 

v3f3 62742 109866 47124 1.75 105183 42441 1.68 44782 1.72 

v3f4 68532 111360 42828 1.62 109070 40537 1.59 41682 1.61 

v3f5 68057 103803 35746 1.53 101368 33311 1.49 34528 1.51 

v3f6 56284 92843 36559 1.65 90336 34052 1.61 35306 1.63 

v4f1 61974 88036 26062 1.42 87630 25657 1.41 25859 1.42 

v4f2 61499 95957 34458 1.56 87006 25507 1.41 29982 1.49 

v4f3 62742 104716 41974 1.67 97414 34671 1.55 38322 1.61 

v4f4 68532 101444 32912 1.48 102617 34084 1.50 33498 1.49 

v4f5 68057 104106 36049 1.53 99911 31854 1.47 33951 1.50 

v4f6 56284 83251 26967 1.48 89722 33439 1.59 30203 1.54 

v5f1 61974 106880 44906 1.72 104282 42309 1.68 43607 1.70 

v5f2 61499 99626 38128 1.62 96581 35082 1.57 36605 1.60 

v5f3 62742 108965 46222 1.74 111567 48825 1.78 47524 1.76 

v5f4 68532 124575 56043 1.82 118645 50112 1.73 53078 1.78 

v5f5 68057 115321 47263 1.69 110943 42886 1.63 45075 1.66 

v5f6 56284 100662 44378 1.79 88850 32567 1.58 38472 1.69 

* Data not statistically analysed 

Table 33.  Economics of blackgram cultivation as influenced by varieties and foliar application during summer 2020 and Rabi 2020-21 
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mean net income and BCR were also recorded in the treatment combination v1f4              

(₹ 70411 ha-1 and 2.04 respectively) followed by v2f4 (₹ 61526 ha-1 and 1.95 

respectively). 

The results of experiment II revealed that among the varieties, Sumanjana 

performed better in terms of growth characters, physiological parameters and yield 

attributes. Among the foliar sprays, f4 resulted in higher growth and yield attributes 

compared to control. Among the treatment combinations, v1f4 and v2f4 recorded higher 

yield, net income and B: C ratio during both the seasons.   
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     5. DISCUSSION 

 The investigation entitled ‘Productivity enhancement of blackgram (Vigna 

mungo (L.) Hepper) intercropped in coconut gardens’ was undertaken to identify shade 

tolerant blackgram varieties suitable for coconut gardens for cultivation in Kerala and 

to study the effect of foliar nutrition and plant growth regulators on growth and yield 

of the shade tolerant blackgram varieties intercropped in coconut garden. The 

investigation was conducted as two separate experiments. The results of the experiment 

presented in the previous chapter are discussed with available documented literature to 

justify and substantiate the findings of present study. 

5.1 EXPERIMENT I - SCREENING OF BLACKGRAM VARIETIES FOR SHADE 

TOLERANCE (MICRO PLOT STUDY) 

5.1.1 Growth Characters 

 The growth characters viz., plant height, number of leaves per plant, number of 

branches per plant at monthly interval and leaf are index (LAI) at 50 per cent flowering 

of varieties and cultures under partial shade showed varied response during the entire 

crop season (Table 1 to Table 4). Among the varieties, DBGV 5, CO 6 and Sumanjana 

were found to grow taller from one month after sowing (MAS) till harvest under low 

light while Culture 4.5.18, Culture 4.5.8 and VBN 5 maintained a shorter stature. 

Increased plant height is an adaptation to grow better in low light intensity. The 

varieties that grew taller (DBGV 5, CO 6 and Sumanjana) were found adapted to 

partially shaded conditions by stem elongation for radiation energy capture and use in 

photosynthesis. Similar results of increment in plant height with shade was observed 

by Lakshmamma and Rao (1996b) in blackgram and Hossain et al. (2017) and Nair 

(2020) in green gram under partially shaded coconut garden. Keuskamp et al. (2010) 

reported that since shading stimulates the synthesis of auxin and gibberellins, plants 

show increased height and etiolated leaves, as these hormones promotes cell division, 
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cell elongation, apical dominance and inter nodal elongation. Increased plant height 

may be due to stimulating action of auxin which softens the cell wall by increasing its 

plasticity (Tagawa and Bonner, 1957) or may be the oxidative decarboxylation of 

synthetic auxins which could not be catalyzed by the enzyme peroxidase (Reincecke 

and Bandurski, 1987). 

 Number of leaves per plant also varied significantly among varieties under low 

light intensity at 1 MAS and at harvest. The varieties that grew taller at 1 MAS viz., 

DBGV 5, CO 6, Sumanjana, VBN 5 and VBN 6 produced a greater number of leaves.  

Attridge (1990) observed that low light intensity will promote a greater number of 

leaves to expose more photosynthetic area under limited illumination. At 2 MAS, 

significant difference in terms of number of leaves per plant was not evident among 

the varieties/cultures. This could be related to the attainment of peak flowering stage 

by all the varieties and cultures at around 50-60 days, leading to the utilization of 

photosynthates for reproductive growth rather than vegetative growth. The leaf 

production capacity and leaf persistence of all varieties and cultures were lower at the 

time of harvest. Lesser production of leaves could be due to the utilization of energy 

for flower and pod formation rather than vegetative growth. Lower production and 

persistence of leaves during harvest stage was also reported by Yamini (2019) in 

blackgram variety, CO 6 in open condition. Number of branches per plant varied 

initially and towards the later stage, much variation was not observed among the 

varieties and cultures under study. It could be endorsed to the lesser vegetative growth 

during the remaining growth period as well as increased influx of photosynthates to the 

reproductive parts (Deol et al., 2018).  

 There was a remarkable variation in LAI at flowering among the blackgram 

varieties and cultures tested. Taller plants with more number of leaves at 50 per cent 

flowering resulted in a notable increase in LAI in both CO 6 and DBGV 5 recording 

5.77 and 5.36 and least in TAU 1 (Fig. 6).  Those varieties with tolerance to low light 
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intensity were found to develop more assimilatory area for high photosynthesis thereby 

contributing towards additional source activity. According to Fitter and Hay (1981), 

plants under the shaded condition adapt to low light intensity conditions by increasing 

the leaf area to obtain a larger surface for light absorption. This indicated that change 

in leaf morphology in response to shade maximized capture of the growth limiting 

resource (light) which is more extreme in shade adapted species (Lambers et al., 1998).  

5.1.2 Root Characters 

 The response of varieties and cultures on number and dry weight of nodules at 

flowering and root characters viz., rooting length, root volume and dry weight of root 

at harvest were recorded and presented in Table 6 and 7. Root characters showed no 

significant variation among the varieties under low light intensity in coconut garden. 

Rao and Ghildiyal (1985) and Vidal et al. (1996) observed lower nodule activity under 

low light intensity compared to open condition. The root characters were comparatively 

higher under intercropped situation in the present study than under open condition as 

reported by Yamini, (2019) which could be due to the positive influence of other 

growth characters.  It was in contrary to the results obtained by Wang et al. (2003) who 

reported that the root characters viz., rooting length, root volume and root dry weight 

increased under high light intensity compared to low light. 

5.1.3 Physiological Characters 

 The effect of varieties and cultures on physiological characters viz., 

photosynthetic rate, leaf area duration (LAD), stomatal index, chlorophyll content and 

proline content were evaluated. There was significant variation in physiological and 

biochemical characters of varieties and cultures in response to low light intensity 

(Tables 8 and 9). The photosynthetic rate was superior for the varieties DBGV 5 and 

VBN 5 (Fig. 7) due to higher LAI at flowering and LAI is considered as an indicator 

of photosynthetic efficiency. It could be deducted that the light intensity in the inter-
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spaces was enough to drive the photosynthates and other vital physiological processes 

for these varieties viz., DBGV 5, VBN 5, and Sumanjana and CO 6 indicating their 

tolerance to shaded situations.  

  Stomatal index was higher for the varieties DBGV 5, VBN 8, TAU 2 and 

Sumanjana at flowering. In general, abaxial surface possessed a greater number of 

stomata than adaxial to reduce transpiration loss (Kong et al., 2016). Under shading 

stress, VBN 6, CO 6, VBN 5, DBGV 5 and Sumanjana recorded a greater number of 

stomata in the abaxial surface than adaxial compared to other varieties. However, 

increased persistence of leaf at flowering measured as leaf area duration (LAD) was 

realized in varieties, DBGV 5, CO 6, VBN 6 and Sumanjana which might have 

promoted more absorption of solar radiation (Fig. 8). Setiawati et al. (2018) reported 

that, species with higher stomatal index tend to be more responsive to the increase in 

CO2, and hence the rate of photosynthesis will be greater. Higher LAI coupled with 

increased persistence of leaf might have enhanced PAR and thereby photosynthetic rate 

in varieties, DBGV 5 and VBN 5. In order to maximize the quantity of light absorbed 

and the quantum yield for CO2 absorption during photosynthesis in the shade, the 

quantity of light absorbed and the quantum yield for CO2 uptake must both be 

maximized (Hadi et al., 2006). The varieties DBGV 5, VBN 5 and Sumanjana had 

adapted to low light intensity under coconut garden by increasing the LAI and LAD, 

thereby improving the photosynthetic rate t hus negating the effect of higher stomatal 

index, which otherwise might have contributed yield reduction. Yao et al. (2017) 

reported that, shade tolerant soybean cultivar L32 had increased PS II activity and 

energy transmission from PSII to PSI, as well as improved photosynthetic capacity and 

yield. 

Significant variation in chlorophyll a, b and total chlorophyll contents were 

observed among the varieties and cultures under low light intensity. Chlorophyll a and 

total chlorophyll contents were higher for the variety DBGV 5 and was on par with 
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Sumanjana (Fig. 9). The increased content of chlorophyll in these varieties under 

shading stress might be to enable the plant to enhance the efficiency of light absorption 

indicating adaptation to low light intensity. Higher value of chlorophyll b was recorded 

by the varieties, VBN 8, VBN 5, TAU 1 and Culture 4.5.18.  According to Watson and 

Dallwitz (1992), one of the ways to adjust low irradiation due to shade was an increase 

in leaf chlorophyll content. Higher chlorophyll content could be related to the increase 

of light harvesting complex (LHC II) and the enlargement of the antenna in 

photosystem II which resulted in increased light capture efficiency. In leaves of plants 

grown under lower light intensities, the plastid was limited in number arranged at right 

angles to the light rays and were larger in size thus increasing the area of light 

absorption (Zhang et al., 2016). Araki et al. (2014) studied the impact of shading on 

growth and photosynthetic efficiency in green gram and reported that plants under 

shade treatment showed an increased amount of chlorophyll content per unit leaf area. 

Proline is an enzyme produced in response to stress condition in plants and is 

considered as a defense mechanism in plants (Liang et al., 2013). The blackgram 

varieties and cultures grown under low light intensity showed no significant variation 

in proline content.  Further, the proline concentration was negligible (0.030-0.045 µ g 

g-1 of soil) compared to open condition, where proline concentration might go up to 

70-200 µ g g-1 of soil (Geetha, 2004). This might be due to the lesser water stress under 

low light intensity, low evaporation and high soil moisture content. The finding 

highlights the suitability of blackgram in partially shaded coconut gardens, as the low 

light intensity was not a limiting (stress) factor under the given climatic and 

management practices considered in the study. 

5.1.1 Yield Attributes and Yield 

There was substantial difference among the varieties and cultures tested with 

respect to days to 50 per cent flowering, number of pods per plant, 100 seed weight and 

seed yield (Table 10). The variety Sumanjana and the Culture 4.6.1 and DBGV 5 



154 

 

flowered much early compared to other varieties with 34-36 days to reach 50 per cent 

flowering. The variety DBGV 5 produced the highest number of pods per plant and on 

par with Sumanjana, VBN 5, VBN 6 and CO 6 under shade. The length of pod and 

number of seeds per pod did not vary significantly under shade. However, hundred 

seed weight is an important yield determining character of each variety and culture. 

The Culture 4.6.1 produced bold seeds with the highest 100 seed weight and was at par 

with DBGV 5, DU 1, Blackgold, TAU 1 and AKU 15 under coconut garden. 

Yield attributes are finally transformed into yield and the highest seed yield was 

recorded by DBGV 5. It was followed by VBN 5, Sumanjana, VBN 6, CO 6 and VBN 

5 (Fig. 10). Increased yield in these varieties could be due to the higher number of pods 

per plant produced by the respective varieties. It is evident that these varieties were 

tolerant to shading stress and could be recommended as suitable for intercropping in 

coconut garden with a light intensity ranging from 40-46.5 klux as shade levels 

equivalent to 48-50 per cent of open condition. Sumanjana was earlier recommended 

for cultivation in southern (Thiruvananthapuram) Kerala (KAU, 2016). Interestingly, 

yield of VBN 5 was 109.65 per cent higher than the yield recorded under open 

condition while that of DBGV 5 and Sumanjana were 98.61 per cent and 97.18 per cent 

of the average yield recorded under open field conditions. It could be inferred that the 

light intensity levels in the interspaces in coconut gardens was sufficient to drive 

photosynthates and related physiological processes in shade tolerant varieties. The 

study distinctly identified DBGV 5 as the most tolerant blackgram variety for partial 

shaded situation in coconut garden 

Higher seed yields realized in these varieties could be attributed to its better 

growth characters such as taller plants, more number of branches and leaves per plant, 

high leaf area index as well as physiological characters such as high total chlorophyll 

content, and higher photosynthetic rate. These attributes might have augmented source 

capacity and increased the sink activity. Seed yield of grain legume is generally related 
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to physiological characters like leaf area index and photosynthetic efficiency [Johnson 

and Pendleton (1968) in soybean; Flinn and Pate (1970) in field peas]. As suggested 

by Chandrababu et al. (1985) in blackgram, leaf photosynthesis is one of the basic 

physiological attributes upon which plant biomass production depends. More influx of 

photosynthetic assimilates might have reached reproductive parts which ultimately 

resulted in the highest yield of blackgram variety DBGV 5 followed by VBN 5, 

Sumanjana, CO 6 and VBN 5. Hence it could be confirmed that leaf area index, total 

chlorophyll content and photosynthetic rate could be considered as indicators for shade 

tolerance in blackgram. 

According to Lemaire et al. (2007) photosynthetically active radiation (PAR) 

has prodigious role in deciding the yield of a crop especially under low light intensity. 

Improved physiological characters like LAD, LAI, PAR and photosynthetic rate 

registered in these varieties might have resulted in superior seed yield under low light 

condition. Varieties and cultures varied significantly with respect to haulm yield also 

(Table 11). Higher haulm yield was produced by the varieties DBGV 5, VBN 5, 

Sumanjana and CO 6 (Fig. 11). The better performance in terms of seed and haulm 

yield of these varieties in coconut garden could largely be connected to its efficiency 

in capturing the solar radiation (55%) not intercepted by the canopy (Liyanage and 

Dassanayake, 1993). It could be inferred that DBGV 5, VBN 5, Sumanjana, CO 6 and 

VBN 6 could perform equally well under intercropped situations without unfavourably 

affecting the photosynthetic rate and finally yield.    

  Similar to seed yield, different varieties and cultures showed variability in dry 

matter partitioning and harvest (Table 12). Different PAR levels had substantial impact 

on the dry matter accumulation in the leaf, stem and pod, affecting the plant's overall 

dry matter output (Akhter et al., 2016). In the present study, the varieties DBGV 5, 

VBN 5 and Sumanjana had more assimilates in the reproductive parts (Fig. 12) than 

the vegetative parts, which contributed towards higher seed yield. However, the highest 
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leaf dry weight realized in Culture 4.5.8 was manifested as the lowest seed yield among 

all the varieties evaluated under the study. Consequently, it produced the lowest seed 

yield among all the varieties and cultures under study. The added effect of vegetative 

and reproductive parts resulted in variation in total dry matter production with higher 

value registered by the varieties AKU 15, VBN 8, VBN 5 and DBGV 5. Harvest index, 

an important parameter in deciding the yield of crop also varied significantly and the 

varieties Sumanjana, DBGV 5 and VBN 6 recorded higher harvest index (Fig. 13).  

Though the haulm yield recorded was greater in Sumanjana and DBGV 5, the higher 

seed yield in these varieties might have caused the harvest index in the range of 0.23-

0.24. But in other varieties and cultures, the seed yield was proportionately lower 

compared to haulm yield thereby reducing the harvest index.  Seed yield of green gram 

was improved as a result of maintaining a relatively high total dry matter output while 

simultaneously improving the harvest index. (Natarajan and Palanisamy, 1988). This 

could be due to better partitioning of source to sink, leading to transportation and 

accumulation of more photosynthates to growing reproductive parts rather than 

vegetative parts (Manoj et al., 2019). 

5.2 PERFORMANCE EVALUATION OF SHADE TOLERANT VARIETIES OF 

BLACKGRAM UNDER FOLIAR APPLICATION OF NUTRIENTS AND 

GROWTH REGULATORS IN RAINFED COCONUT GARDEN  

Blackgram is a short duration pulse crop that survives better in all seasons either 

as sole crop, intercrop or catch crop. In experiment II, the performance of shade tolerant 

blackgram varieties identified were evaluated for their response to different sources of 

foliar nutrients and plant growth regulators (PGR). The results of the experiment 

revealed the significant influence of varieties, foliar application of nutrients and plant 

growth regulators under partial shade in rainfed coconut garden during both the seasons 

viz., summer 2020 and Rabi 2020-21. The results of two seasons are discussed 

hereunder. 
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5.2.1 Growth Characters 

The growth characters viz., plant height, number of leaves per plant, number of 

branches per plant at monthly interval and LAI at flowering varied significantly due to 

varieties and foliar application of nutrients and plant growth regulators under partial 

shade in rainfed coconut garden. The study revealed that varieties responded differently 

to shading stress in terms of morpho-physiology and yield. The variation in varietal 

performance might be attributed to its genetic factors (Poehlman, 1991). In general, 

plant height and number of branches per plant showed an increasing trend upto harvest 

in all the varieties under partial shade. However, the number of leaves per plant peaked 

up at 2 MAS and showed a declining trend towards harvest in all the treatments. Among 

the varieties, Sumanjana grew taller than other varieties during Rabi with comparable 

heights as that of CO 6 at 1 MAS and DBGV 5 at 2 MAS. However, during summer 

Sumanjana was the tallest upto 1 MAS and later comparable with CO 6 at harvest. In 

general, plants adapted to low light intensity grow taller producing longer internodes 

resulting in increased plant height. The ability to grow taller under shading stress by 

Sumanjana, CO 6 and DBGV 5 could be inferred as their ability for shade adaptation 

so as to optimize photosynthesis under partial shade. Lower light intensity reduces the 

photo-oxidation of auxin which promotes cell division in the apical meristem (Muller 

and Basch, 2021). Increased height of these varieties indicated the adaptation to capture 

more solar energy for photosynthesis under partial shade in coconut garden.     

Foliar spray of nutrients and plant growth regulators had significant effect on 

plant height at 2 MAS and at harvest (summer) and the tallest plants with greater 

number of branches and leaves per plant were produced with the foliar spray of 

19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 

at pre-flowering and 15 days later (f4). This might be due to the supplementation of 

primary nutrients (N, P and K) as 19:19:19 along with plant growth regulators through 

the foliage, which helped to increase the source activity viz., plant height, number of 
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branches per plant and number of leaves per plant. Foliar spray of NAA helps in rapid 

increase in cell division and cell elongation in the meristematic region thereby 

producing taller plants with a greater number of branches and leaves (Swamy et al., 

2021). The results are in congruence with the reports of Singh et al. (2009), Pathak et 

al. (2012) and Ganga et al. (2014). 

 The combinations of varieties and foliar sprays viz., Sumanjana (v1) or CO 6 

(v5) supplied with 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 

and SA 100 mg L-1 at pre-flowering and 15 days later (v1f4 and v5f4) produced 

significantly taller plants during summer and Rabi (v1f4). It could be deduced that the 

varieties Sumanjana and CO 6 responded well to foliar spray under shade in terms of 

plant height. The variation in plant height among varieties might be due to its genetic 

characters attributing tolerance to shaded condition in coconut garden. Foliar 

application of nutrients and PGRs enhanced tissue differentiation and expansion, 

resulting in taller plants with greater number of leaves per plant by rapid absorption of 

nutrients in the shaded situation (Shwetha et al., 2021).  

Number of branches per plant varied significantly during the summer season 

with higher number of branches in Sumanjana and CO 6 throughout the crop growth. 

The number branches produced by plants was in line with the plant height and taller 

varieties produced a more number of branches. Sumanjana supplied with 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (v1f4) produced more number of leaves per plant during 

both the seasons at all growth stages. This could be attributed to the positive interaction 

between plant height and number of branches by the respective variety.  

Leaf area index is the measure of leafiness of the crop in relation to land area. 

In general, LAI was higher during summer compared to Rabi season. Plants adapt to 

shading stress by increasing leaf area expansion for maximizing light interception. The 

varieties Sumanjana and CO 6 recorded higher values of LAI during both the seasons, 
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which could be ascribed to the higher number of leaves recorded in these varieties. 

Higher leaf area is an adaptation to capture irradiance more efficiently under shaded 

situation for tolerant varieties, which could contribute to better photosynthesis. 

Sumanjana and CO 6 were found to be shade adaptive with higher LAI to compensate 

shade induced reduction in photosynthesis. Foliar application of 19:19:19 (1%) at 45 

and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 

15 days later (f4) recorded the highest LAI. Foliar spray significantly influenced the 

leaf production and plants fertilized with all major nutrients and PGR were superior 

with respect to LAI, during both the seasons which can be ascribed to the enhanced 

availability of nutrients from readily soluble fertilizers. Grindlay (1997) reported that 

N availability is essential to enhance the leaf area and to maintain the leaf longevity. 

Growth promoting substances such as NAA at 20 ppm had a positive effect on cell 

division and cell elongation leading to enhanced leaf expansion (Girisha, 2010).  

Regarding the interaction effects of varieties and foliar sprays, Sumanjana 

supplied with 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and 

SA 100 mg L-1 at pre-flowering and 15 days later (v1f4) recorded higher LAI and was 

on par with v5f3 and v5f5 during summer season (Fig.14a). In the Rabi season, the 

treatment combination v1f4, v2f4 and v3f4 were on par (Fig.14b). Foliar application of 

fertilizers and PGRs increased the number of leaves and branches per plant which 

might have contributed to higher LAI and improved photosynthetic efficiency. These 

results are in accordance with the findings of Venkatesh and Basu (2011) in chickpea, 

Sarker and Rahim (2013), Das and Jana (2015) in lentil and Dey et al. (2017) in mung 

bean. Higher LAI might be attributed to the active role of auxins in enhancement of 

cell division and cell elongation (Upadhyay and Ranjan, 2015). The positive influence 

of foliar spray of nutrients through mineral fertilizers could enhance availability and in 

turn promote cell division and cell elongation and consequent crop growth and 

development. Similar findings were reported by Cheghakhor et al. (2009) and Ali and 

Mohmoud (2013). 
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 The number of nodules per plant was higher during Rabi season compared to 

summer season. Nodule formation is influenced by soil and environmental factors and 

low temperature during Rabi compared to summer might have increased the activity of 

the nod gene in Rhizobium and accelerated the process of symbiotic nitrogen fixation 

thereby increased the number of nodules during Rabi. Al-Falih (2002) also reported 

increased nodulation at low temperature in different legumes. Among the varieties, 

Sumanjana and CO 6 produced more number and dry weight of nodules during summer 

while during Rabi, DBGV 5 proved superior. Foliar spray of 19:19:19 (1%) at 45 and 

60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 

days later (f4) resulted in the highest number and dry weight of nodules per plant at 

flowering during both the seasons. Barik et al. (1994) also reported increase in number 

of nodules with foliar application of nutrients. This might be due to the prominent 

supply of growth hormones and other nutrients owing to the growing tip of root 

establishment activity throughout the growth period (Karthikeyan et al., 2020). In the 

case of interaction effects, the treatment combination v1f4 produced more number and 

dry weight of nodules per plant at flowering and was on par with v2f4 and v5f4 during 

summer and the treatment combinations v1f4 and v5f4 produced higher number and dry 

weight of nodules per plant during Rabi. The increase in number of nodules per plant 

with foliar application could be attributed to role of nutrients in enhancing plant vigour 

and strengthening the stalk as reported by Ester and Gautam, (2020).   

5.2.2 Root Characters  

There was no significant difference in root characters viz., rooting length and 

root volume due to varieties, foliar sprays and their interaction during both the seasons. 

However, root dry weight showed significant variation due to the individual effects 

during Rabi season. Better moisture availability during Rabi season might have 

increased the root thickness rather than length as observed in summer.  
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Fig. 14a Interaction effect of varieties and foliar spray on leaf area index during summer 2020 

Fig. 14b Interaction effect of varieties and foliar spray on leaf area index during Rabi 2020-21 
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 Among the main plot factors, Sumanjana recorded the highest root dry weight, 

and among the subplots f4 produced the highest root dry weight. This can be correlated 

with the higher root dry weight observed in f4 due to foliar spray of nutrients and growth 

regulators. However, the interaction effect was not significant in both the seasons. 

Effect of foliar spray of NAA in increasing root dry weight was reported by Wang and 

Deng (1992), and Durrani et al. (2010) and Thakre et al. (2013). 

5.2.3 Physiological Characters 

 Physiological parameters are used to determine the changes in growth of crop 

in relation to time and is a function of light interception of the crop canopy and 

influenced by LAI, photosynthetic rate and leaf angle. Interaction of phytohormones 

and nutrients on growth and development of crop plants cause positive responses on 

plant growth rate (Mir et al., 2010). 

Crop growth rate (CGR) is the rate of dry matter accumulation per unit land 

area per unit time in crop stands. It is considered as a useful growth parameter for 

estimating the production efficiency of a crop. In the present study, comparatively 

lower CGR values were computed during the initial growth stage (30-45 DAS) which 

could be accounted as early development stage of the crop. Crop growth rate was found 

to rise later and peaked at 45-60 DAS coinciding with the stage of flowering to pod 

development and thereafter it declined towards maturity. The trend remained similar 

during both the seasons. Crop growth rate depends on radiation use efficiency, which 

is the amount of intercepted photosynthetically active radiation and the efficiency of 

the crop to convert intercepted photosynthetic active radiation to above ground biomass 

(Cirilo et al., 2009). 

Among the main plot treatments, CGR varied significantly with Sumanjana 

having higher dry matter production per unit area or net primary productivity followed 

by DBGV 5, during all the growth stages. Among the subplot factors, f4 recorded higher 
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CGR at 30-45 DAS and 45-60 DAS and towards maturity (between 60-75 DAS) and 

f3 recorded the highest CGR during both the seasons (Fig. 15a and 15b). In another 

study in green gram, (Singh and Jambukiya, 2020) illustrated higher CGR at 30-45 

DAS and at 45-60 DAS with the combined application of nutrients and PGRs. The 

interaction effect is the cumulative effect of main and subplot effect and the treatment 

combination v1f4 recorded the highest value of CGR during both the seasons. This 

could be ascribed to the positive interaction of individual effects as described above. 

Relative growth rate (RGR) determines the increase in plant dry matter over a 

time interval in relation to initial dry weight (Tajul et al., 2013).  The value of RGR 

was higher initially and towards harvest, it declined gradually during both the seasons 

due to decline in CGR as well as decline in the rate of dry matter production. A similar 

trend was reported by Arun et al. (2017) in cowpea. Between 30-45 DAS, VBN 5 

recorded higher RGR during both the seasons. However, during the peak period of the 

crop growth, i.e., between 45-60 DAS, Sumanjana recorded the highest RGR and 

towards harvest, while the varieties DBGV 5 and VBN 5 recorded higher values during 

summer and Rabi respectively. In the case of subplot factor, f3 and f4 recorded 

comparatively higher RGR in all the growth stages. This could be due to the positive 

influence of foliar spray of nutrients and PGRs on cell division and cell elongation, 

which facilitated better crop growth and development resulting in higher growth 

characters. It could be inferred that compared to soil application, foliar nutrition had 

the advantages of rapid uptake, availability and utilization resulting in enhanced dry 

matter accumulation over time. Foliar application delay onset of leaf senescence 

through improved photosynthetic efficiency as a result of higher nutrient uptake and 

thereby increasing the RGR (Yadav and Choudhary, 2012). Among the treatment 

combinations, v1f4 recorded higher RGR values between 30-45 DAS and later it 

declined. The decrease in RGR was probably due to the increase in metabolically active 

tissues than meristematic tissues at further stages of crop, which contributed less to the 

plant growth (Biswas et al., 2002); (Hussain et al., 2011). This has been explained by 
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Fig. 15a Interaction effect of varieties and foliar spray on crop growth rate (45-60 DAS) 

during summer 2020 

Fig. 15b Effect of varieties and foliar spray on crop growth rate (45-60 DAS) during Rabi 

2020-21 



163 

 

Benincasa (2003) that, as plant organs develop and the plant approaches the 

physiological maturity, organ demands for photo assimilates for their own maintenance 

increases, reducing the photo assimilate availability for extra growth. 

 Net assimilation rate (NAR) is a measure of the average photosynthetic 

efficiency of leaves in a crop community (Vernon and Allison, 1963). The variety 

DBGV 5 recorded higher NAR during both the seasons between 30-45 DAS which 

indicated the higher assimilatory capacity of the variety under shaded situation. 

Regarding the subplot factor, there was no significant difference in NAR between 30-

45 DAS during both the seasons. Between 45-60 DAS, NAR showed significant 

difference in the summer season only and higher NAR was recorded due to the foliar 

spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f3) and 

was on par with f4 and f5. A positive response to foliar spray was elicited as increased 

dry matter accumulation per unit leaf area and was reflected as higher NAR.  However, 

NAR exhibited no significant variation at any of the growth stages due to interaction 

effect during both the seasons. 

Specific leaf weight (SLW) is the measure of leaf weight to leaf area and it 

indirectly relates the production of photo assimilates. Higher SLW indicates more leaf 

thickness or density. At 30 DAS, the highest value of SLW was recorded by VBN 5 

during both the seasons and later, Sumanjana recorded higher SLW. There was 

significant difference in SLW due to foliar spray at all the stages and f4 recorded higher 

values at 30, 45 and 75 DAS. At 45, 60 and 75 DAS, the highest SLW was recorded in 

v1f4 during all the stages in summer and Rabi seasons. Plants that grow in a shady 

environment invest relatively more of the products of photosynthesis and other 

resources in leaf area and leaf weight to increase light harvesting and photosynthetic 

surface (Lambers et al., 1998). It has been shown that plants grown under shade, 

produced leaves with a higher SLW and allocate more nitrogen in leaves to light 

harvesting, thereby optimizing light interception and carbon assimilation per unit 
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biomass of leaf (Evans and Pooter, 2001; Lambers et al., 2008). This was contradictory 

to the reports of decreasing SLW over increasing LAI.   

 Chlorophyll is cardinal for photosynthesis and are present in the chloroplasts. 

Nutrients being the constituents of various metabolites like chlorophyll, enzymes and 

hormones influence various physiological processes which in turn affect the growth 

and productivity of crops (Maurya et al., 2014). The varieties DBGV 5 and Sumanjana 

recorded higher chlorophyll content at flowering. This might be because of the fact that 

leaves under shade have higher chlorophyll concentration per unit of fresh mass. 

Kulsum et al. (2007) observed that with the increasing N levels in blackgram, leaf 

chlorophyll and nitrogen content increased linearly. The subplot factor f4 recorded 

higher chlorophyll content during both the seasons. The increased absorption and 

translocation of nutrients through foliar application might have enhanced the 

chlorophyll synthesis and photosynthetic activity. The increase in chlorophyll content 

reflects increased PS II photochemistry, photosynthates production and dry matter 

accumulation. Maity and Bera (2009) illustrated that foliar application of salicylic acid 

influenced different physiological and biochemical aspects of green gram plant via 

increasing assimilation rate which revealed increase in chlorophyll content and hill 

reaction activity in the leaf. Khandker et al. (2015) observed increased chlorophyll 

content due to application of NAA. The treatment combination v1f4 recorded the 

highest chlorophyll that can augment the rate of photosynthesis for better accumulation 

of photoassimilates. 

 Stomatal index is the number of stomata compared to total number of epidermal 

cells expressed in percentage. Crops with lower stomatal index are preferred as they 

reduce transpiration rate and improve photosynthetic rate to the optimum. Sumanjana 

recorded the lowest stomatal index during both the seasons (Fig. 16a and 16b) which 

could be inferred as a more efficient investment in photosynthetic machinery. Foliar 

spray significantly influenced stomatal index and foliar spray of 19:19:19 (1%) at 45 

https://scialert.net/fulltext/?doi=ajcs.2013.33.40#930207_ja
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and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 

15 days later (f4) recorded lower stomatal index in summer. This could be related to 

the effect of foliar spray of salicylic acid which could change the balance of 

endogenous hormones and thereby induce stomatal closure and reducing transpiration 

rate and improving photosynthetic capacity (Hao et al., 2011). The lower stomatal 

index was recorded in v1f4 and was on par with v1f3 and v1f5. Similar results of lower 

stomatal index due to foliar spray of NAA was also reported by Jahan and Yasmin 

(2017).  

Stomatal conductance is the ability of stomata for gaseous exchange. During 

both the seasons, Sumanjana recorded the highest stomatal conductance (Fig. 16a and 

16b) at flowering indicating a higher gas exchange without significant loss of 

photosynthetic productivity enabling the plants to express their genetic potential. Foliar 

spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 

mg L-1 at pre-flowering and 15 days later (f4) resulted in higher stomatal conductance 

during both the seasons. Increased stomatal conductance with foliar spray of salicylic 

acid was earlier reported by Khan et al. (2010). The main plot and subplot effect was 

reflected in interaction with v1f4 having the highest stomatal conductance during both 

the seasons. The content of soluble protein was unaffected due to main effects and 

interaction effects during both the seasons. However, the content was higher during the 

summer season compared to Rabi season.  

5.2.4 Yield Attributes and Yield  

 The yield of a crop is governed by source activity, translocation and 

accumulation in sink apart from the genes in its genome (Howlader et al., 2018). Yield 

is dependent upon the sum total of crop growth and development and is the cumulative 

expression of different yield attributes (Kaur et al., 2015). The yield attributing 

characters viz., number of pods per plant and 100 seed weight varied due to varieties, 

foliar sprays and their interaction during both the seasons. Foliar applied nutrients and 
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PGRs will penetrate through leaf cuticle or stomata for easy and fast absorption into 

the cell (Latha and Nadanassababady, 2003) and modify the sink size and thereby 

affecting the yield.  

 Sumanjana showed earliness in flowering compared to other varieties during 

both the seasons followed by DBGV 5. Gardner et al. (1988) reported that floral 

induction occured in response to a specific number of favourable photo induction 

cycles, and it varied with plant species and varieties. The difference observed in days 

to 50 per cent flowering between two varieties could be attributed to their inherent 

characteristics. Similar observations were documented by Gangaiah and Ahlawat 

(2008) and Rao (2011) in chickpea and red gram respectively. Among the foliar sprays, 

NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f3) produced 

flowers earlier and was on par with f5 in the summer season (Fig. 17a). During Rabi, 

the treatments, f3, f4 and f5 took lesser days to attain 50 per cent flowering and was on 

par with each other (Fig. 17b). Das and Prasad (2003) observed that two sprays of NAA 

at 20 or 40 mg L-1 significantly reduced days to 50 per cent flowering. The interaction 

effect was the cumulative effect of main and subplot effects and the treatment 

combination v1f3 recorded the lowest number of days to attain 50 per cent flowering. 

Kothule et al. (2003) found that foliar application of NAA and salicylic acid each at 

100 and 200 ppm and urea at 1 and 2 per cent reduced the number of days to 50 per 

cent flowering in soybean. 

Sumanjana recorded the highest number pods per plant followed by DBGV 5 

during both the seasons, at harvest. This indicated a higher degree of shade acclimation 

of these two varieties. The subplot factor also affected the number pods per plant and 

foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and 

SA 100 mg L-1 at pre-flowering and 15 days later (f4) recorded the highest number of 

pods per plant during both the seasons. The role of NAA in lowering flower drop and 

enhancing flower set might be one of the reasons for higher number of pods per plant. 
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Further, at the initial growth stages, the foliage applied N, P and K (water soluble NPK 

19:19:19) coupled with growth regulators might have been effectively absorbed and 

translocated to the pods resulting in a more number of pods per plant. Among the 

treatment combinations, Sumanjana under f4 recorded the highest number of pods per 

plant during both the seasons (Fig. 18a and 18b). Foliar spray of nutrients modified the 

source sink relationship and increased the translocation and photosynthetic efficiency 

resulting in increased flower retention and pod set per cent (Ganapathy et al., 2008) 

and reduced flower drop (Ravindranath et al., 1985). Advanced supply of all nutrients 

at flower initiation and pod formation stages of crop growth might have caused efficient 

translocation of photosynthates from source to sink (Kumar et al., 2018). Solaiappan 

et al. (2002) also reported similar finding in red gram.  

 Hundred seed weight showed significant difference during both the seasons. 

Sumanjana and DBGV 5 produced bold seeds with higher 100 seed weight and were 

on par with each other during both the seasons. Regarding the subplot treatments, foliar 

spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 

mg L-1 at pre-flowering and 15 days later (f4) recorded the highest 100 seed weight in 

summer and Rabi seasons. The treatment combinations v1f4, v1f5 and v2f4 realised 

higher values of 100 seed weight during both the seasons.  

The cumulative effect of yield attributing characters was reflected finally in the 

yield and it varied significantly among the varieties during both the seasons. The 

varieties Sumanjana and DBGV 5 recorded higher seed yield per plant during both the 

seasons. Bhagwat et al. (2018) reported significant difference in the seed yield of 

various genotypes of blackgram. The foliar spray also significantly affected the seed 

yield per plant and foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of 

NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) resulted in 

the highest seed yield per plant, during both the seasons. The control treatment as per 

KAU package was having the lowest seed yield per plant during both the seasons. The 

lowest seed yield recorded in control was due to lower dry matter production, lesser 
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nodulation and lesser uptake and also due to the production of lesser number of pods 

per plant.  

Among the treatment combinations, higher seed yield per plant was produced 

by Sumanjana and DBGV 5 along with foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(Fig. 19a and 19b). The increase in numbers of pods and pod yield per plant could be 

due to the export of nutrients at critical stage in balanced form (i.e. flowering and fruit 

setting) coupled with greater flower retention triggered by growth regulators. 

Abundance of nitrogenous fertilizers for photosynthesis ultimately enhanced utilization 

of photosynthates and increased allocation of photosynthates towards the economic 

part (Batra et al., 2002). The findings of Karpagam et al. (2004) and Choudhary and 

Yadav (2011) are in confirmation with the present result. Sarkar et al. (2021) 

documented that foliar fertilization is best suited for Rabi pulses rather than top 

dressing or placement of fertilizers.  

 The individual effects of varieties, foliar nutrition and their combination 

revealed significant variation in haulm yield per plant during both the seasons. 

Sumanjana and DBGV 5 recorded higher haulm yield per plant during both the seasons. 

The highest haulm yield per plant was recorded with foliar spray of 19:19:19 (1%) at 

45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering 

and 15 days later (f4) during both the seasons. Regarding the interaction effects, the 

treatment combination v1f4 recorded higher haulm yield per plant and was on par with 

v2f4 during both the seasons. Better canopy development for radiation interception by 

these varieties coupled with balanced fertilization could contribute to higher haulm 

yield. 

 Sumanjana and DBGV 5 recorded higher seed and haulm yield ha-1 during both 

the seasons. The subplot treatment of foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 18a Interaction effect of varieties and foliar spray on number of pods per plant during summer 2020 

Fig. 18b Interaction effect of varieties and foliar spray on number of pods per plant during Rabi 2020-21 
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Fig. 19a Interaction effect of varieties and foliar spray on seed yield during summer 2020 

Fig. 19b Interaction effect of varieties and foliar spray on seed yield during Rabi 2020-21 
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(f4) revealed the highest seed yield ha-1 during both the seasons. It was deduced that 

application of NAA negated flower drop which was manifested as increased pods per 

plant, 100 grain weight and seed yield in these two shade adaptive varieties. Foliar 

spray of salicylic acid can increase sink strength via cell division in the immature 

ovaries and conducts the metabolites stream to the developing grains which reduce the 

abortion rate (Horvath et al. 2007). Reducing the abortion rate could have significantly 

increased the number pods per plant and number of seeds per pod in soybean as 

observed by Khatun et al. (2016). Increased seed yield of pulse with foliar application 

of nutrients could be attributed to reduced flower drop and increased pod set percentage 

(Mamthashree, 2014). Main and subplot effects were reflected in the interaction, and 

higher seed and haulm yield were recorded in Sumanjana along with foliar spray of 

19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 

at pre-flowering and 15 days later (v1f4) and was on par with DBGV 5 along with foliar 

spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 

mg L-1 at pre-flowering and 15 days later (v2f4) in the summer season. During Rabi 

season, the highest seed and haulm yield was recorded in v1f4 followed by v2f4 (Fig. 

20a and 20b). Foliar nutrients usually penetrate the leaf cuticle or stomata and enter the 

cells facilitating the easy entry of nutrients. Foliar application is credited with 

remarkably rapid absorption and nearly complete utilization of nutrients, elimination 

of leaching losses and fixation and helps in regulating the uptake of nutrient by plants 

(Manonmani and Srimathi, 2009). Upadhyay et al. (1993) and Shukla et al. (1997) 

documented that spray of growth regulators enhanced the number of pods per plant, 

seed yield per plant. This might be attributed to fulfilment of the demand of the crop 

by higher assimilation and translocation of phosynthates from source (leaves) to sink 

(pods) through the supply of required nutrients by foliar spray of 19:19:19. These 

results are in corroboration with the findings of Kuttimani and Velayutham (2011). 

 Pooled analysis on seed yield revealed Sumanjana and DBGV 5 to be better 

performers under partial shade with seed yield of 1489 kg ha-1 and 1473 kg ha-1 
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respectively. The subplot factor f4 recorded the highest seed yield (1505 kg ha-1).  The 

combination of main and subplot factors as v1f4 recorded the highest seed yield (1725 

kg ha-1) followed by v2f4 (1626 kg ha-1) which is deduced to be due to the positive 

interaction of individual effects as explained above (Fig. 21). On comparison with 

KAU Package, Sumanjana and DBGV 5 under foliar spray of nutrients and PGR 

evinced 21.84 and 21.76 per cent increase in seed yield over v1f6 and v2f6 respectively 

(Fig. 22). Higher LAI and chlorophyll content observed in these treatments might have 

improved the photosynthetic activity leading to the production of more amount of 

carbohydrates and translocation of assimilates from source to sink which finally 

contributed to higher seed yield. Also, higher number of nodules and nodule mass 

observed in these treatments could have enhanced the assimilation, production of 

proteins and translocation of carbohydrate from source to sink which might have led to 

the production of higher number of pods per plant which in turn enhanced the seed 

yield per plant and seed yield ha-1
.
 Better crop growth enhanced the absorption of 

nutrients through root and enhanced the synthesis of IAA, carbohydrate and N 

metabolism which ultimately led to higher economic yield. The production of higher 

seed yield due to nutrients and growth regulators could be attributed to the fact that 

plants treated with macro nutrients and growth regulators remained physiologically 

more active to build up sufficient food reserves for the developing flowers and seeds. 

 Among the varieties, Sumanjana recorded higher total dry matter production 

(TDMP) and was on par with DBGV 5 during both the seasons. There was significant 

difference TDMP due to foliar spray during both the seasons. The highest TDMP was 

recorded with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 

40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) in summer and 

Rabi season. The treatment combination v1f4 and v2f4 were on par during summer 

season. During Rabi season, the highest TDMP was recorded in the treatment 

combination v1f4. Higher LAI and chlorophyll content observed in v1f4 might have 

enhanced the rate of photosynthesis which ultimately increased the dry matter 
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Fig. 20a Interaction effect of varieties and foliar spray on haulm yield during summer 2020 

Fig. 20b Interaction effect of varieties and foliar spray on haulm yield during Rabi 2020-21 
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Fig. 22 Percentage increase in seed yield of Sumanjana and DBGV 5 against its corresponding control 

as influenced by foliar application 
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production. The results are in line with the observation made by Amanullah et al. 

(2008) who reported that increase in LAI increased the light interception and total dry 

matter production at various growth stages.   

 Among the growth regulators, NAA (20 mg L-1) maintained higher dry weight 

of reproductive parts due to better source-sink relationship. The enhanced dry weight 

of reproductive parts by growth regulators might be due to increased translocation of 

assimilates from leaf and stem to reproductive parts. Similar results were also reported 

in soybean with the application of NAA (Shukla et al., 1997). Improvement in dry 

weight of reproductive parts due to growth regulators application was also reported by 

Dashora and Jain (1994).  

The pronounced effect of foliar application of water-soluble fertilizers on dry 

matter production had been reported by Pradeep and Elamathi (2007) and 

Sathyamoorthi et al. (2008b). The higher source activity leading to increased 

production and better translocation to the enhanced sink capacity was assured with 

foliar application of nutrients and PGRs. This may lead to increased growth attributes 

and enhanced chlorophyll formation resulting in higher photosynthetic rates 

contributing to better seed yield. Dixit and Elamathi (2007), Manonmani and Srimathi 

(2009), Rahman et al. (2014) and Janki et al. (2018) also reported similar findings. 

Harvest index is a measure of physiological productivity potential of a crop 

variety and is interpreted as the ability to convert the dry matter into economic yield. 

It is computed as the ratio of economic yield to biological yield and varieties that have 

more seed yield and less biological yield would have higher harvest index values 

(Abdalla et al., 2015). Higher the harvest index more will be the production efficiency 

and vice versa. Perusal of the data revealed that the varieties, foliar sprays and their 

combinations had no significant influence on harvest index during both seasons. The 

harvest index ranged from 0.29 to 0.34 and 0.28 to 0.33 during the summer and Rabi 
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respectively while under open situation it ranged from 0.27 to 0.38 as reported by 

Yamini (2019).  

5.2.5 Quality Attributes  

 The quality attributes viz., grain dry matter and nitrate content were not 

influenced by varieties, foliar sprays and their interaction during both the seasons. 

However, grain protein was influenced by foliar sprays and the treatment foliar spray 

of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f4) recorded higher grain protein content and 

was on par with all other treatments except f2 and f6. Foliar spray of primary nutrients 

alone or in combination with plant growth regulators such as NAA / salicylic acid might 

have increased the N fixation in plants thereby contributing better conversion of 

nitrogen to protein. The improvement in protein content might be attributed to higher 

uptake of nitrogen during growth period which increased photosynthesis, synthesis of 

protoplasm and protein. Singhal et al. (2016) also reported significantly higher protein 

content in vegetable cowpea seeds compared to control with foliar nutrition of water-

soluble NPK fertilizer (19:19:19) at 30, 45 and 60 DAT. The higher protein content 

was found with application of macro elements with hormones, could improve the 

photosynthetic activity and enzymes for carbohydrate transformation (Doss et al., 

2013). 

5.2.6 Uptake of Nutrients 

 Nutrient uptake by crop is related to nutrient content in the plant and dry matter 

production; which in turn depends on the photosynthetic ability of the plant. During 

both the seasons, comparatively higher NPK uptake was observed in the varieties 

Sumanjana and DBGV 5. This might be attributed to higher content of N P K and 

increased growth attributes viz., plant height, number of branches, number of leaves 

and LAI which resulted in higher dry matter production in the respective varieties. 
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Increased N, P and K contents in plant could be endorsed to the higher content in water 

soluble fertilizers which plant have absorbed directly through leaves. The results are 

found in agreement with the findings of Tohamy et al. (2011). 

Regarding the subplot factor, foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) recorded higher NPK uptake and was on par with f3 and f5 in summer season and 

the highest NPK uptake was recorded in f4 during Rabi. Nutrients and PGRs applied 

via foliage helped in better absorption of nutrients and efficient translocation of photo 

assimilates to all parts of the plant leading to better activity of functional root nodules 

resulting in more leaf area, dry matter production and uptake of nutrients. This could 

have led to more flower production and subsequently pod formation and other yield 

attributing characters. Frizts (1978) pointed out that application of small units of foliar 

fertilizers at critical stages of plant growth stimulated plant metabolism and increased 

nutrient uptake. 

 During Rabi, Sumanjana along with foliar spray of 19:19:19 (1%) at 45 and 60 

DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days 

later (v1f4) recorded the highest NPK uptake due to the higher yield and dry matter 

accumulation. Tabassum et al. (2013) observed that increased availability of nutrients 

also accelerated the physiological processes which in turn influenced the dry matter 

production and nutrient uptake. N and K uptake were significantly higher and might 

have contributed to the increased yield. The results are in accordance with the reports 

of Sangwan and Raj (2004) in chickpea and Anitha et al. (2005) in cowpea. Increased 

photosynthetic efficiency, assimilation and dry matter production resulting from the 

better availability and uptake of nutrients was reported by Amjad et al. (2004) and 

Calhor (2006). 
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5.2.7 Soil Analysis after the Experiment  

 The varieties, foliar spray and their interaction did not exert any significant 

influence on soil pH and electrical conductivity during both the seasons. Nevertheless, 

increase in the soil pH status from initial value (5.9) was recorded with the cultivation 

of different blackgram varieties with foliar spray during both the seasons. This could 

be attributed to the effect of liming done before sowing. Liming can raise the soil pH 

(Goulding, 2016) as a result of desorption of the Al3+ and H+ ions from the exchange 

sites to soil solution.  

There was no significant variation in organic carbon solely due to varieties and 

foliar spray and their interaction in the summer season. During the Rabi season, the 

plots grown with the varieties, Sumanjana and DBGV 5 showed higher organic carbon 

contents. Wani et al. (2003) and Jensen et al. (2012) also reported that inclusion of 

legumes in rotation significantly improved the soil organic carbon and available 

nutrients in the soil.  There was significant variation in organic carbon due to foliar 

spray in Rabi and the treatment 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 

40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later (f4) recorded highest 

organic carbon. The enhancement in organic carbon content observed in all the 

treatments might be due to the decomposition of farmyard manure (20 t ha-1) coupled 

with the left over residues of the previous crop after summer. Lynch and Whips (1990) 

revealed that about 40 per cent of dry matter accumulated by the plant was released 

into the rhizosphere as root exudates. Organic substances (organic acid, amino acid, 

sugars, vitamins, mucilage etc) released into the rhizosphere during the crop growth as 

well as due to the addition of organic matter in the form of FYM might have enhanced 

the organic carbon content of soil (Hasanuzzaman et al., 2019). Bochalya et al. (2021) 

reported improved organic carbon status due to the foliar spray of 19:19:19 at flowering 

stage in wheat. The treatment combinations v1f4, v2f4 and v5f4 recorded higher organic 

carbon content and was on par with v2f5. Organic carbon was observed to have 
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increased from the initial status (0.93) after the harvest of blackgram. There was 

significant improvement in the organic carbon status in the Rabi compared to the 

summer season. The probable reason of higher organic carbon in the Rabi might be due 

to the residue decomposition of summer crop in the next Kharif season and also due to 

the addition of organic manures to the Rabi crop. 

 Regarding the post experimental soil NPK status, significant difference was 

observed in case of N due to varieties, foliar sprays and their interaction. Variation in 

available P was significant with respect to foliar sprays only during Rabi season. 

However, there was an improvement in the N, P and K status compared to the initial 

status. Thamburaj (1991) revealed that legumes in rotation increased the NPK content 

of soil. The better crop establishment and rooting allowed the crop to tap nutrients from 

the deeper layers. Availability of N was found to be higher in treatments with higher 

organic carbon content which might be due to atmospheric N fixation by the symbiotic 

N fixing bacteria present in the nodule. The result is in accordance with the findings of 

Sakin (2012) who reported that high soil organic carbon enhanced the N content of the 

soil. Available P status in the soil after the experiment was found to be high in all the 

treatments. Higher soil organic carbon content prevented the leaching of nutrients and 

sustained the soil fertility status. Similar observation was also made by Suman (2018).  

The varieties Sumanjana and DBGV 5 recorded higher available N compared to other 

varieties which might be due to comparatively higher root nodulation, which is 

expected to have contributed more N in soil. In the case of subplot factor, foliar spray 

of 19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f4) recorded higher N during both the seasons 

and the highest P status in Rabi season. This can be correlated with the higher nodules 

number and dry weight of nodules per plant observed in f4 which might have 

contributed more biological N fixation and rhizo-deposition. This will mobilize the 

fixed P in the soil and make it in the available form. The interaction effect was a 

reflection of main and subplot effects and the treatment combination v1f4 and v2f4 
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recorded comparatively higher N status after the experiment during both the seasons. 

Even though, the uptake of N was higher in Sumanjana and DBGV 5, the greater 

contribution of N by fixation recorded increment in soil available N status. Exploration 

of the effect of legumes on soil enrichment have shown that nitrogen fixation and 

rhizodeposition of N from legumes increased the available N status in soil (Fustec et 

al., 2010; Laberge et al., 2011; Zhang et al., 2015).  

5.2.8 Economic Analysis 

 Adoption of any management strategy depends on the economic feasibility. The 

economic analysis for the different combinations reveled that the varieties Sumanjana 

(v1) or DBGV 5 (v2) supplied with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + 

foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering and 15 days later 

(f4) found to be profitable recording higher gross returns, net returns and benefit cost 

ratio (BCR) during both the seasons. The higher economic benefits could be attributed 

to the higher seed yields realized, the treatments being the cumulative effects of the 

varieties and application of foliar nutrients and plant growth regulators. Mean values 

of net return (₹ 70411 ha-1) and B: C ratio (2.04) were also the highest for the treatment 

v1f4, followed by the v2f4 (Fig. 23 and Fig. 25). The treatment combinations v1f4 and 

v2f4 realized an additional mean net income of ₹21378 and ₹16050 respectively 

compared to its respective control. There was 30.36 percent and 26.09 percent increase 

in net income (Fig. 24) in v1f4 and v2f4 compared to control (v1f6 and v2f6 respectively).  

Mamathasree (2014) and Kumar et al. (2018) obtained higher net returns and BCR in 

red gram and blackgram respectively due to foliar application of water-soluble fertilizer 

19:19:19 at 2 per cent at flowering and pod development stages. Yalagar et al. (2021) 

also found that, application of recommended nutrients to pigeonpea coupled with foliar 

spray of 19:19:19 (1%) at flower initiation and peak flowering stage is optimum for 

higher net returns (₹ 65908 ha-1) and BCR (3.49). Shwetha et al. (2021) registered 
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Fig. 24 Percentage increase in net income of Sumanjana and DBGV 5 against its corresponding 

control as influenced by foliar application 

 

Fig. 23 Variation in mean net income as influenced by variation and foliar application 
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Fig. 25 Variation in mean B:C ratio as influenced by varieties and foliar application 
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higher net return (₹ 161,159 ha-1) and B:C ratio (4.19) in pigeon pea due to the foliar 

application of  Pulse magic (1%) + 19:19:19 (1% ) + 50 ppm NAA + Borax (0.2%). 

Based on the above findings, it could be inferred that the yield of blackgram is 

strongly influenced by the application of different nutrients and growth regulators 

indicating its importance of these compounds in increasing the yield potential through 

improving morpho-physiological and biochemical traits under partial shade. The seed 

yield in blackgram ultimately depends on the accumulation of photo assimilates and 

partitioning to different plant parts. The present study revealed that, the varieties 

DBGV 5 and Sumanjana, could perform better under partially shaded coconut garden. 

Higher yield could be realized in these varieties under partial shade with recommended 

dose of KAU POP supplemented with foliar spray of 19:19:19 (1%) at 45 and 60 DAS 

+ foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering (35 DAS) and 15 

days later. Sumanjana and DBGV 5 with f4 recorded higher mean net income                    

(₹ 70411 ha-1 and ₹ 61256 ha-1) and mean B:C ratio (2.04 and 1.95). 
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6. SUMMARY 

 The investigation entitled ‘Productivity enhancement of blackgram (Vigna 

mungo (L.) Hepper) intercropped in coconut gardens’ was undertaken at the College 

of Agriculture, Vellayani, Thiruvananthapuram during 2019 - 2021. 

 The research was aimed to identify shade tolerant blackgram varieties suitable 

for coconut gardens, to study the effect of foliar nutrition and plant growth regulators 

on growth and yield of the shade tolerant blackgram varieties intercropped in coconut 

garden and to work out the economics of cultivation . Coconut palms of above 40 

years of age having a light intensity 56.25 klux, planted at spacing of 7.6 m x 7.6 m 

was selected at the Instructional Farm, College of Agriculture, Vellayani. The study 

was conducted as two separate experiments and the salient findings of the experiment 

are summarized in this chapter.  

6.1 EXPERIMENT I: SCREENING OF BLACKGRAM VARIETIES FOR SHADE 

TOLERANCE (MICRO PLOT STUDY) 

The first experiment on ‘Screening of blackgram varieties for shade tolerance 

(micro plot study)’ was conducted during Rabi 2019-20 in the selected coconut 

garden. Seeds of promising blackgram varieties (12 nos) along with culture (3 nos) 

collected from different research stations of south India viz., Sumanjana, DU 1, 

DBGV 5, VBN 5, VBN 6, VBN 8, Rashmi, CO 6, TAU 1, TAU 2, Blackgold, AKU 

15, Culture 4.5.8 (T 9 x Rusami), Culture 4.5.18 (T 9 x Rusami) and Culture 4.6.1 (T 

9 x Rusami) were raised in plots (1.0 m x 0.9 m) laid out in randomized block design 

replicated thrice. A distance of two meter radius was left from the base of palm to 

avoid root interference making a length of 3.6 m in between the palms for sowing. 

Land was ploughed and crop was sown at a spacing of 25 cm x 15 cm in the raised 

beds. The recommended nutrients (20:30:30 kg N: P2O5: K2O ha-1) were given 

through urea, rajphos and muriate of potash (KAU, 2016). Half the dose of N, full P 
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and K were given as basal and the remaining half dose of N was given as two foliar 

sprays at 15 and 30 days after sowing (DAS). Two weedings were done at 15 and 30 

DAS with irrigation provided on alternate days.  

The summary of results of the experiment I is as follows.  

Among the varieties, DBGV 5, CO 6 and Sumanjana were found to grow 

taller right from one month after sowing (MAS) till harvest under low light while 

culture 4.5.18, culture 4.5.8 and VBN 5 maintained a shorter stature. Number of 

leaves per plant also varied among varieties under low light intensity at 1 MAS and at 

harvest. The varieties that have grown taller namely DBGV 5, CO 6, Sumanjana, 

VBN 5 and VBN 6 produced more number of leaves at 1 MAS. At 2 MAS, 

significant difference in terms of number of leaves per plant was not evident among 

the varieties/cultures. The number of branches per plant varied significantly at 1 MAS 

only and in the later stage, there was no significant influence among the varieties and 

cultures. 

The results revealed remarkable influence of shading stress on leaf area index 

(LAI) at flowering of blackgram varieties and cultures tested. Taller plants with more 

number of leaves at 50 per cent flowering resulted in a notable increase in LAI in 

both CO 6 and DBGV 5 recording 5.77 and 5.36 and least in TAU 1 with a LAI of 

3.36. The variety CO 6 recorded higher leaf area duration (65.66 days) and was 

comparable with DBGV 5 (58.40 days). No significant difference was observed in 

number and dry weight of nodules per plant at flowering among the varieties and 

cultures considered under this study. 

Physiological and biochemical characters of varieties and cultures varied 

significantly in response to low light intensity at flowering. Photosynthetic rate was 

the highest for DBGV 5 and VBN 5 followed by CO 6. The leaf persistence measured 

via leaf area duration was higher for the varieties CO 6 and DBGV 5 and all the 
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cultures had recorded lower persistence of leaf. The varieties DBGV 5, TAU 2, 

Sumanjana and VBN 8 recorded higher stomatal index. Chlorophyll a and total 

chlorophyll content were higher for DBGV 5 and was on par with Sumanjana. Higher 

value of chlorophyll b was recorded by the varieties VBN 8, VBN 5, TAU 1 and 

culture 4.5.18.  

The varieties DBGV 5 and Sumanjana were early to flower compared to other 

varieties and cultures whereas TAU 2 took the maximum number of days to reach 50 

per cent flowering and was on par with VBN 5, VBN 6, DU 1 and Rashmi. The 

variety DBGV 5 resulted in higher number pods per plant which was on par with CO 

6, VBN 5, VBN 6, Sumanjana and Rashmi. 

Varietal difference did not show a remarkable influence on length of pod and 

number of seeds per pod. However, 100 seed weight was an important yield 

determining character of each variety and culture and varied significantly. The culture 

4.6.1 produced bold seeds with the highest 100 seed weight (5.06) and was on par 

with DBGV 5, DU 1, Blackgold, TAU 1 and AKU 15. The variety DBGV 5 produced 

the highest seed yield per plant followed by VBN 5 and Sumanjana. Haulm yield per 

plant was higher for DBGV 5 and was on par with VBN 5, Sumanjana and CO 6. The 

highest seed yield was recorded by DBGV 5 with 1183 kg ha-1; followed by VBN 5 

(917 kg ha-1) and Sumanjana (907 kg ha-1) under shading stress. Varieties and 

cultures varied significantly with respect to haulm yield also. The highest haulm yield 

was recorded in the varieties DBGV 5 followed by VBN 8. Similar to seed yield, 

different varieties and cultures showed variability in dry matter partitioning and 

harvest index. The varieties DBGV 5, VBN 5 and Sumanjana were having more 

assimilates in the reproductive part than the vegetative part. The shoot dry weight and 

leaf dry weight were the highest in culture 4.5.8 and consequently it produced the 

lowest seed yield among all the varieties and cultures. The added effect of vegetative 

and reproductive parts resulted in variation in total dry matter production with higher 
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value registered by the varieties AKU 15, VBN 8, VBN 5 and DBGV 5. Higher harvest 

index was recorded by Sumanjana which was on par with DBGV 5 and VBN 6. 

6.2 EXPERIMENT II: PERFORMANCE EVALUATION OF SHADE TOLERANT 

VARIETIES UNDER FOLIAR APPLICATION OF NUTRIENTS AND GROWTH 

REGULATORS IN RAINFED COCONUT GARDEN 

The second experiment on ‘Performance evaluation of shade tolerant varieties 

under foliar application of nutrients and growth regulators in rainfed coconut garden’ 

was conducted during summer 2020 and the confirmation trial during Rabi 2020-21. 

The field was laid out in split plot design with varieties (5) as main plot treatments 

foliar spray as subplot treatments (6). Five varieties which performed better under the 

partial shade in coconut garden were selected based on growth, yield attributing 

characters and yield (v1 - Sumanjana, v2 - DBGV 5, v3 - VBN 5, v4 - VBN 6 and v5 - 

CO 6). The subplot treatments were six different foliar spray of nutrients and plant 

growth regulators (f1: Foliar spray of 19:19:19 @ 1% at 45 and 60 DAS, f2: Foliar 

spray of SOP @ 0.5% at 45 and 60 DAS, f3: NAA 40 mg L-1 and salicylic acid 100 

mg L-1 at pre-flowering (30-45 DAS) and 15 days later, f4: f3 + f1, f5: f3 + f2 and f6: 

Control - KAU POP). Main plots of 6 m x 3 m were laid out in between the coconuts 

and divided it into subplots of 3 m x 1 m size with four replications. The five varieties 

were planted in the main plots at 25 cm x 15 cm spacing. Farmyard manure @ 20 t 

ha-1 was given as basal and NPK @ 20: 30: 30 kg ha-1 was given uniformly in all the 

plots as per KAU POP.  Half N + full P + full K (basal) as soil application and the 

remaining half N as foliar spray of urea at 15 and 30 DAS (KAU, 2016). The foliar 

sprays of nutrients and PGRs were given as per the treatments, and the growth, 

physiological and yield attributes were recorded. The salient findings of the 

experiment II for two seasons is as follows. 

Growth attributes varied significantly due to varieties, foliar spray and their 

interaction at all the stages during both the seasons. At 1 MAS, among the varieties, 
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Sumanjana (v1) produced the tallest plants in summer and Sumanjana (v1) and CO 6 

(v5) were taller and were comparable during Rabi. At 2 MAS, VBN 6 (v4) recorded 

the tallest plants in summer and Sumanjana (v1) produced taller plants and was on 

par with DBGV 5 (v2) during Rabi. At the time of harvest, Sumanjana (v1) and CO 6 

(v5) were taller during summer and Sumanjana had the tallest plants during Rabi. 

The varieties significantly influenced the number branches per plant at all the growth 

stages during summer and Sumanjana (v1) and CO 6 (v5) recorded higher number of 

branches at 1 MAS and 2 MAS. Sumanjana produced higher number of branches 

with more number of leaves during both the seasons. At flowering, higher LAI, 

number and dry weight of nodules per plant were realized by Sumanjana and was on 

par with CO 6 (v5) in summer and DBGV 5 (v2) in Rabi.  

The subplot factor foliar spray had significant effect on growth attributes of 

blackgram varieties at all the stages during both the seasons. Foliar spray of 

19:19:19 (1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg 

L-1 at pre-flowering and 15 days later (f4) resulted in significantly taller plants, more 

number of branches and leaves. At flowering, the highest LAI, number and dry 

weight of nodules per plant were recorded in f4 during both the seasons. The highest 

root dry weight (0.64 g) was recorded in f4 during Rabi season. 

Among the treatment combinations, Sumanjana (v1) with f4 produced taller 

plants at 2 MAS, higher number of branches and leaves per plant during summer and 

Rabi. At harvest, there was significant influence on number of branches per plant 

due to interaction at summer season and the treatment combinations v1f4, v2f4, v5f4, 

v1f5 and v2f3 recorded higher values of number of branches per plant and were 

comparable. The treatment combination v1f4 recorded higher number of leaves per 

plant at harvest during summer and was on par with v1f5 and the highest number of 

leaves per plant was registered by v1f4 during second season. Leaf area index was 

recorded higher for the treatment v1f4 followed by v2f4 during both the seasons. The 
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treatment combination v1f4 produced higher number of nodules per plant at 

flowering and was on par with v2f4 and v5f4 in the first season and the treatment 

combination v1f4 and v5f4 were on par during Rabi season.  

Sumanjana exhibited the highest crop growth rate (CGR) and relative growth 

rate (RGR) during both the seasons at 45-60 DAS. VBN 6 evinced the highest RGR 

between 30-45 DAS; and Sumanjana between 45-60 DAS during both the seasons. 

However, DBGV 5 recorded the highest net assimilation rate (NAR) between 30-45 

DAS and 45-60 DAS during both the seasons. The varieties, DBGV 5, VBN 5 and 

VBN 6 had higher NAR between 60 - 75 DAS in summer seasons. Specific leaf 

weight was the highest in VBN 5 at 30 DAS, and Sumanjana at 45, 60 and 75 DAS. 

The highest chlorophyll content was recorded by DBGV 5 during summer and by 

Sumanjana during Rabi. The highest stomatal conductance and lower stomatal index 

were recorded in Sumanjana during both the seasons.  

Between 30-45 DAS and 45-60 DAS, higher CGR was recorded in f4 during 

both the seasons and f3 had the highest CGR between 60 DAS- harvest during both 

the seasons.  Between 45-60 DAS, f4 recorded the highest RGR in both the seasons; 

f3 recorded the highest RGR between 60-75 DAS during summer and f2 during Rabi 

season. The subplot factor f4 recorded higher value of SLW at 30 DAS, 45 DAS, and 

at 75 DAS during both the seasons. Specific leaf weight was significantly higher in 

f3 in summer and f3 and f5 were higher and on par with each other during Rabi 

season at 60 DAS. During summer, f3, f4 and f5 recorded higher NAR between 45-60 

DAS. Higher value of chlorophyll content, SLW and the highest stomatal 

conductance were recorded in f4 during both the seasons.  

Sumanjana (v1) in combination with f4
 measured significantly higher CGR 

and RGR (at active growth stages), highest chlorophyll content, stomatal 

conductance and lower stomatal index during both the seasons. The interaction 

effect of varieties and foliar sprays have significant effect on SLW at 45 DAS, 60 
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DAS and at harvest and the treatment combination v1f4 recorded the highest value of 

SLW in both the seasons. 

Sumanjana (v1) flowered earlier compared to other varieties during both the 

seasons and produced the highest number of pods per plant. Hundred seed weight 

was higher for DBGV 5 and was on par with Sumanjana during both the seasons. 

Seed yield per plant recorded was higher for Sumanjana and comparable with 

DBGV 5. DBGV 5 and Sumanjana produced higher haulm yield during both the 

seasons. Higher TDMP was registered for Sumanjana and was on par with DBGV 5 

during summer and Rabi.   

The P content was higher in Sumanjana during summer and Rabi season and 

was on par with CO 6. Sumanjana recorded higher NPK uptake in both the seasons 

followed by DBGV 5. Available N was the highest with v1 during summer season 

and v1 and v2 during Rabi. 

Plants supplied with foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering and 15 days later (f3) attained 50 per cent flowering earlier and was on par 

with f5. The highest number of pods per plant, 100 seed weight, seed yield, haulm 

yield and TDMP were produced by f4 during both the seasons. The grain protein (%) 

content was improved by 19:19:19 (1%) at 45 and 60 DAS + NAA 40 mg L-1 and 

SA 100 mg L-1 at pre-flowering and 15 days later (f4) and was on par with f3, f1 and 

f5. Plants applied with f4 recorded higher NPK uptake and was on par with f3 and f5 

during summer. The highest NPK uptake and organic carbon was recorded in f4 

during Rabi. Available N and P were the highest in f4 during both the seasons.  

The variety Sumanjana supplied with NAA 40 mg L-1 and SA 100 mg L-1 at 

pre-flowering and 15 days later (v1f3) flowered earlier during both the seasons. The 

number of pods per plant recorded were significantly higher in v1f4 and 100 seed 

weight during both the seasons. A higher seed yield was realized in v1f4 which was 
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on par with v2f4 during summer. Seed yield was the highest in v1f4 during Rabi. 

Haulm yield and TDMP recorded were higher for v1f4 and was on par with v2f4 

during both the seasons. The treatment combination v1f4 recorded the highest N 

uptake in Rabi season.  

The available N status in soil was higher during both the seasons in v1f4 with 

the highest NPK uptake during Rabi. Higher net income and BCR were registered in 

v1f4 followed by v2f4 during both the seasons. Sumanjana with f4 realized the highest 

mean net income of ₹ 70411 ha-1 and BCR of 2.04 followed by DBGV 5 with f4.  

The present study identified DBGV 5 and Sumanjana as shade tolerant 

blackgram varieties with superior growth and yield attributes under partial shade and 

could be recommended for intercropping in coconut garden. Further, the yield of the 

shade tolerant varieties could be enhanced by recommended dose of nutrients as per 

KAU package supplemented with foliar spray of 19:19:19 (1%) at 45 and 60 DAS + 

foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-flowering (35 DAS) and 

15 days later. Sumanjana and DBGV 5 raised under partial shade in coconut garden 

with recommended dose of nutrients as per KAU package supplemented with the 

above said foliar spray realized higher mean net income (₹ 70,411 ha-1 and                

₹ 61,256 ha-1) and mean B:C ratio (2.04 and 1.95). 

FUTURE LINE OF WORK 

 The suitability of other short duration pulses to partial shade in coconut garden 

 The compatibility of water-soluble fertilizers with PGRs for foliar application  

 The residual effect of long-term intercropping of shade tolerant blackgram on 

yield of coconut  

 Carbon sequestration potential of coconut garden on long term intercropping with 

shade adaptive pulse crops 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                         REFERENCES 
 
 



187 

 

7. REFERENCES 

 

Abdalla, A. A., El Naim, A. M., Ahmed, M. F., and Taha, M. B. 2015. Biological 

yield and harvest index of faba bean (Vicia faba L.) as affected by 

different agro-ecological environments. World J. Agric. Res. 3(2): 78-82. 

Abraham, S. T., Sreekumar, S. G., Saraswathy, P., Nair, V. G., and Nair, P. M. 

1992. Path analysis for harvest index in blackgram. Agric. Res. J. Kerala. 

30(2): 113-116.  

Adedipe, N. O. and Ormrod, D. P. 1975. Effects of light intensity on growth and 

chlorophyll, carbohydrate and phosphorus contents of the cowpea (Vigna 

unguiculata L.). Biochemie und Physiologie der Pflanzen 167(4): 301-309. 

Afshari, M., Shekari, F., Azimkhani, R., Habibi, H., and Fotokin, M. H. 2013. 

Effect of foliar application of salicylic acid on growth and physiological 

attributes of cowpea under water stress conditions. Iran Agric. Res. 32(1): 

23-28.  

Akhter, N., Haque, M. M., Bhadra, A. K., Rahman, M. M., and Rahman, M. 2016. 

Morphological features and dry matter partitioning of three bottle gourd 

(Lagenaria vulgaris L) genotypes under different light levels. Int. J. Bus. 

Soc. Sci. Res. 5(1): 60-66. 

Alagupalamuthirsolai, M., Ankegowda, S. J., and Krishnamurthy, K. S. 2018. 

Effect of different shade levels on growth, physiology and biochemical 

characteristics of small cardamom (Elettaria cardamomum Maton). Curr. 

J. Appl. Sci. Technol. 28(3): 1-9. 

Al-Falih, A. M. K. 2002. Factors affecting the efficiency of symbiotic nitrogen 

fixation by Rhizobium. Pakistan J. Biol. Sci. 5(11): 1277-1293. 



188 

 

Ali, A., Mahmood, I. A., Hussain, F., and Salim, M. 2007. Response  of  rice  to  

soil  and  foliar application  of  K2SO4  fertilizer. Sarhad J. Agric. 23(4): 

23-34. 

Ali, E. A. and Mahmoud, A. M. 2013. Effect of foliar spray by different salicylic 

acid and zinc concentrations on seed yield and yield components of 

mungbean in sandy soil. Asian J. Crop Sci. 5(1): 33-40. 

Ali, M. and Gupta, S. 2012. Carrying capacity of Indian agriculture: pulse 

crops. Curr. Sci. 102(6): 874-881.  

Amanullah, Rahman, H., Shah, Z., and Shah, P. 2008. Effects of plant density and 

N on growth dynamics, light interception and yield of maize. Arch. Agron. 

Soil Sci. 54: 401-411.  

Amjad, M., Anjum M. A., and Akhtar, N. 2004. Influence of phosphorus and 

potassium supply to the mother plant on seed yield, quality and vigour in 

pea (Pisum sativum L.). Asian J. Plant Sci. 3(1): 108-113. 

Amutha, R., Nithila, S., and Kumar, S. 2012. Management of source limitation by 

foliar spray of nutrients and growth regulators in blackgram. Int. J. Plant 

Sci. 7(1): 65-68. 

Anitha, S., Sreenivasan, E., and Purushothaman, S. M. 2005. Response of cowpea 

(Vigna unguiculata (L.) Walp) to foliar nutrition of zinc and iron in the 

oxisols of Kerala. Legume Res. 28(4): 294-296. 

Araki, T., Oo, T. T., and Kubota, F. 2014. Effects of shading on growth and 

photosynthetic potential of greengram [Vigna radiata (L.) Wilczek] 

cultivars. Environ. Control Biol. 52(4): 227-231. 

Araújo, W. A. D., Santana, R. S., Mauad, M., and da Silva, R. S. 2021. Dry matter 

accumulation and nutrient uptake in determinate and indeterminate 

soybeans. J. Plant Nutr. 44(4): 508-522. 



189 

 

Armstrong, K., Albrecht, J. G., Lauer, and Riday, H. 2008. Intercropping corn 

with lablab bean, velvet bean, and scarlet runner bean for forage. Crop Sci. 

48: 371. 

 Arnon, D. I. 1949. Copper enzymes in isolated chloroplasts- polyphenol oxidase 

in Beta vulgaris. Plant Physiol. 24(1): 1-15.   

Arun, M. N., Hebbar, S. S., Bhanuprakas, K., and Senthivel, T. 2017. Seed 

priming improves irrigation water use efficiency, yield and yield 

components of summer cowpea under limited water conditions. Legume 

Res. 40(5): 864-871. 

Attridge, T. H. 1990. Light and Plant Responses: A Study of Plant Photo-

Physiology and the Natural Environment. Cambridge University Press, 

Great Britain, 148p. 

Aucharmal, S. M., Bhosale, S. G., Pawar, H. D., and Karanjkar, P.N. 2007. 

Growth and yield of black gram (Vigna mungo) as influenced by growth 

regulators. J. Soils Crops 17(1): 82-85. 

Babu, C. R., Sadasivam, R., Natarajaratnam, N., and Sreerangasamy, S. R. 1985. 

Effect of potassium nutrition on growth and yield of black gram. Madras 

Agric. J. 72(10): 595-596. 

Baghel, M. S. and Yadava, H. S. 1994. Response of black gram to dates of sowing 

and growth regulators on seed yield and attributes. Bhartiya Krishi 

Anusandhan Patrika 9(1): 38-42. 

Banasode, C. and Math, K. K. 2018. Effect of foliar fertilization of water soluble 

fertilizers on growth and economics of soybean in a vertisol. J. 

Pharmacognosy Phytochem. 7(2): 2391-2393. 



190 

 

Barik, A., Jana, P. K., Sunda, J., and Mukherjee, A. K. 1994. Influence of 

nitrogen, phosphorus and potash fertilization on growth, yield and oil of 

Kharif groundnut. Indian J. Agric. Sci. 38(2): 105-111.  

Bates, L. S., Waldron, R. P., and Teare, I. D. 1973. Rapid determination of free 

proline for water stress studies. Plant Soil 39: 205-208. 

Batra, V. K., Singh, V., and Singh, B. 2002. Response of brinjal to foliar feeding 

of water soluble fertilizers. International Conference on Vegetables, 

Bangalore. pp. 11-14. 

Behera, N. and Elamathi, S. 2007. Studies on the time of nitrogen, application of 

foliar spray of DAP, and growth regulator on yield attributes, yield and 

economics of green gram (Vigna radiata L.). Int. J. Agric. Sci. 3(1): 168-

169.  

Bellaloui, N. 2012. Effect of shade on seed protein, oil, fatty acids, and minerals 

in soybean lines varying in seed germinability in the early soybean 

production system. Am. J. Plant Sci. 3: 84-95. 

Benincasa, M. M. P. 2003. Análise de Crescimento de Plantas: Noções 

Básicas (2nd Ed.) Jaboticabal: Funep. 41p. 

Bhagwat, G.V., Joseph, J., and Antony, R. 2018. Stability of advanced generation 

of inter varietal crosses in black gram (Vigna mungo L.) through AMMI 

analysis. Electr. J. Plant Breed. 9(2): 465-475. 

Bhosle, S. G, Aucharmal, S. M, Pawar, H. D., and Karanjkar, P. N. 2007. Growth 

and yield of blackgram (Vigna mungo) as influenced by growth regulators. 

J. Soils Crops 17(1):82-85. 

Biswas, D. K., Haque, M. M., Hamid, A., Ahmed, J. U., and Rahman, M. A. 

2002. Influence of plant population density on growth and yield of two 

blackgram varieties. J. Agron. 1: 83-85. 



191 

 

Bochalya, R. S., Gupta, A. K., Sharma, B. C., Puniya, R., Thakur, N. P., and 

Singh, M. S. P. 2021. Residual effect of biofertilizer consortium and foliar 

nutrition on soil chemical properties after harvest of blackgram crop as 

affected by different fertility levels under subtropical condition of Jammu. 

Pharma Innov. J. 2021; 10(7): 605-608. 

Bowes, G., Ogren, W. L., and Hageman, R. H. 1972. Light saturation, 

photosynthesis rate, RuDP carboxylase activity, and specific leaf weight in 

soybeans grown under different light intensities. Crop Sci. 12(1): 77-79.  

Calhor, M. 2006. Effect of nitrogen and zinc on yield of durum wheat in 

khorramabad region. Int. J. Agric. Crop Sci. 5: 1-5. 

Cataldo, D., Maroon, M., Schrader, Lawrence, and Youngs, V. 1975. Rapid 

colorimetric determination of nitrate in plant tissue by nitration of salicylic 

acid. Commun. Soil Sci. Plant Anal. 6: 71-80.  

Chandrababu, R., Srinivasan, P. S., Natarajaratnam, N., and Rangasamy, S. R. S. 

1985. Relationship between leaf photosynthetic rate and yield in 

blackgram [Vigna mungo (L.) Hepper] genotypes. Photosynthetica 19(2): 

159-163. 

Chandrasekhar, C. N. and Bangarusamy, U. 2003. Maximizing the yield of mung 

bean by foliar application of growth regulating chemicals and 

nutrients. Madras Agric. J. 90(1/3): 142-145. 

Chaplot, P. C., Bhatnagar, G. S., and Porwal, M. K. 1992. Effect of plant growth 

regulators on blackgram, greengram and soybean. Int. J. Trop. Agric. 10: 

72-74. 

Cheghakhor, A. Y., Meskararbashee, M., Mamaghan, R., and Nabipour, M. 2009. 

Effect of row spacing and plant density on radiation use efficiency and 

extinction light coefficient on canopy of chickpea cultivars. Res. Crops 

10(3): 545-554 



192 

 

Choudhary, G. L. and Yadav, L. R. 2011. Effect of fertility levels and foliar 

nutrition on cowpea productivity. J. Legumes 24(1): 67-68. 

Cirilo,  A. G.,  Dardanelli, J.,  Balzarini, M.,  Andrade, F. H.,  Cantarero, M.,  

Luque,  S.,  and Pedrol,  H. M.  2009. Morpho-physiological traits 

associated with maize crop adaptations to environments differing in 

nitrogen availability. Field Crops Res. 113:  116-124. 

Clifford, P. E. 1979. Source limitation of sink yield in mung beans. Ann. 

Bot. 43(3): 397-399. 

Cochran, W. G. and Cox, G. M. 1965. Experimental Designs. Asia Publishing 

House, Bombay, 611p.  

Cooper, C. S. and Qualls, M. 1967. Morphology and chlorophyll content of shade 

and sun leaves of two legumes. Crop Sci. 7(6): 672-673. 

Crookston, R. K., Treharne, K. J., Ludford, P., and Ozbun, J. L. 1975. Response 

of beans to shading. Crop Sci. 15(3): 412-416. 

Das, A. and Prasad, R. 2003. Effect of plant growth regulators CCC and NAA on 

the growth and yield of summer mungbean. Ann. Agric. Res. 24(4): 874-

879. 

Das, S. K. and Jana, K. 2015. Effect of foliar spray of water soluble fertilizer at 

pre flowering stage on yield of pulses. Agric. Sci. Digest 35(4): 275-279. 

Dashora, L. D. and Jain, P. M. 1994. Effect of growth regulators and phosphorus 

levels on growth and yield of soybean. Madras Agric. J. 81: 235-37. 

Deol, J. S. 2018. Improving productivity of pulses using plant growth regulators: a 

review. Int. J. Microbiol. Res. 10(6): 1259- 1263. 

Deotale., R. D., Kalambkar, B. V., and Banginwar, A. D. 2011. Effect of foliar 

spray of cow urine and NAA on morpho-physiological, chemical, 



193 

 

biochemical parameters and yield of soybean. J. Soils Crops 21(2): 332-

337. 

Dey, S. K., Chakrabarti, B., Prasanna, R., Singh, S. D., Purakayastha, T. J., Datta, 

A., and Pathak, H. 2017. Productivity of mungbean (Vigna radiata) with 

elevated carbon dioxide at various phosphorus levels and cyanobacteria 

inoculation. Legume Res. 40(3): 497-505.  

Dhopte, A. M. and Suradkar, A. T. 1998. Physiological responses of soybean to 

foliar spray of hormones and nutrients in relation to fertilizer economy. 

Ann. Plant Physiol. 12(2): 136-143. 

Dixit, P. M. and Elamathi, S. 2007. Effect of foliar application of DAP, 

micronutrients and NAA on growth and yield of green gram (Vigna 

radiata L.). Legume Res. 30(4): 305-307. 

Doss, A., Anand, S. P., and Keerthiga, M. 2013. Effect of foliar application of 

diammonium phosphate (DAP), potash (K) and naphthalene acetic acid 

(NAA) on growth, yield and some biochemical constituents of black gram. 

Woodpecker J. Agric. Res. 2(7): 206-208. 

DPD India [Directorate of Pulses Development India]. 2018. Agriculture, 

Cooperation and Farmers Welfare. [online] available: 

http//dpd.gov.in/strategy/preamble.html. [15 October 2019].  

Dubeux, J. J. C. B., Lira, M. D. A., dos Santos, M. V. F., Muir, J., da Silva, M. A., 

Teixeira, V. I., and de Mello, A. C. L. 2014. Soil characteristics under 

legume and non-legume tree canopies in signal grass (Brachiaria 

decumbens) pastures. Afr. J. Range Forage Sci. 31(1): 37-42. 

Duggar, B. M. 1903. The physiological effects of shading plants. Amer. Soc. Hort. 

Sci. 1: 15-17. 



194 

 

Durrani, F., Subhan, M., Mehmood, S., Abbas, S., and Chaudhary, F. 2010. 

Enhancement of growth and yield components through foliar application 

of naphthalene acetic acid (NAA) and bezylaminopurine (BAP) in 

spinach. Sarhad J. Agric. 26. 31-36. 

El-Azab, M. E. 2016. Effects of foliar NPK spraying with micronutrients on yield 

and quality of cowpea plants. Asian J. Appl. Sci. 4(2): 121-125. 

Esther, D. and Gautam, G. 2020. Effect of foliar nutrition and plant growth 

regulators on growth of blackgram (Vigna mungo L.). J. Pharmacognosy 

Phytochem. 9(3): 1754-1756. 

Evans, J. R. and Pooter, H. 2001. Photosynthetic acclimation of plants to growth 

irradiance: the relative importance of specific leaf area and nitrogen 

partitioning in maximizing carbon gain. Plant Cell Environ. 24: 755–767. 

Fitter, A. H. and Hay, R. K. M. 1981. Environmental Physiology of Plants. 

Academic Press, New York. 355p. 

Flinn, A. M. and Pate, J. S. 1970. A quantitative study of carbon transfer from pod 

and subtending leaf to the ripening seeds of the field pea (Pisum arvense 

L.). J. Expt. Bot. 21(1): 71-82. 

Fritz, A. 1978. Foliar fertilization-a technique for improved crop production. 

Africa Symp. Hort. Crops Acta Hort. 84: 150-161. 

Fustec, J., Lesuffleur, F., Mahieu, S., and Cliquet, J. B. 2010. Nitrogen 

rhizodeposition of legumes. J. Sustain. Agric. Environ. 869-881. 

Ganapathy, M., Baradhan, G., and Ramesh, N. 2008. Effect of foliar nutrition on 

reproductive efficiency and grain yield of rice fallow pulses. Legume Res. 

31(2): 142-144. 

Ganga, N., Singh, R. K., Singh, R. P., Choudhary, S. K., and Upadhyay, P. K. 

2014. Effect of potassium level and foliar application of nutrients on 



195 

 

growth and yield of late sown chickpea (Cicer arietinum L.). Environ. 

Ecol. 32(1A): 273-275. 

Gangaiah, B. and Ahlawat, I. P. S., 2008. Response of chickpea (Cicer arietinum) 

to seeding time and phosphorus and their after-effects on succeeding baby 

corn (Zea mays). Indian J. Agron. 53(1): 42-46. 

Gardner, F. P., Pearce, R. B., and Mitchell, R. L. 1988. Physiology of Crop 

Plants. Scientific Publishers, Jodhpur, 327p. 

Geetha, V. 2004. Shade response and nutrient requirement of common rainfed 

intercrops of coconut. Ph. D. thesis, Kerala Agricultural University, 

Thrissur, 251p. 

George, S. 1982. Shade response of common rainfed intercrops of coconut part II 

legumes. Ph. D. thesis, Kerala Agricultural University, Thrissur, 193 p. 

Girisha, P. S. 2010. A comparative study on the growth promoting and retarding 

compounds on dry matter production and yield in blackgram during Rabi. 

M.Sc. (Ag) thesis, Acharya N. G. Ranga Agricultural University, 

Hyderabad, 103p. 

GoI [Government of India]. 2019. State of Indian Agriculture 2018-19. Ministry 

of Agriculture and Farmer Welfare, Department of Agriculture, 

Cooperation and Farmers Welfare, Directorate of Economics and 

Statistics, New Delhi, 224p.  

GoK [Government of Kerala]. 2019. Farm Guide. 408p.  

Gokila, B., Saravanapandian, P., and Sivagnanam, S. 2017. Evaluation of 

micronutrient status of sandy clay loam as influenced by sulphur 

fertilization on blackgram. J. Appl. Nat. Sci. 9(2): 669-673. 



196 

 

Goulding, K. W. T. 2016. Soil acidification and the importance of liming 

agricultural soils with particular reference to the United Kingdom. Soil 

Use Manag. 32(3): 390-399. 

Gowda, K. M., Halepyati, A. S., and Koppalkar, B. G. 2015. Yield, nutrient 

uptake and economics of pigeonpea (Cajanus cajan L. Millsp.) as 

influenced by soil application of micronutrients and foliar spray of 

macronutrients. Karnataka J. Agric. Sci. 28(2): 266-268. 

Grewal, H. S. and Gill, H. S. 1986. Influence of NAA and N on the growth and 

yield of late planted paddy (Oryza sativa). J. Agron. Crop Sci. 106(1): 37-

40. 

Grindlay, D. J. C. 1997. Towards an explanation of crop nitrogen demand based 

on the optimization of leaf nitrogen per unit. J. Agric. Sci. 128: 377-396. 

Hadi, H, Ghassemi-Golezani, K., Khoei, F. R., Valizadeh, M., and Shakiba, M. R. 

2006. Response of common bean (Phaseolus vulgaris) to different levels 

of shade. J. Agron. 5(4): 595-599. 

Hao, J. H., Wang, X. L., Dong, C. J., Zhang, Z. G., and Shang, Q. M. 2011. 

Salicylic acid induces stomatal closure by modulating endogenous 

hormone levels in cucumber cotyledons. Russian J. Plant Physiol. 58(5): 

906-913. 

Hasanuzzaman, M., Masud, A. C., Bhuiyan, T. F., and Anee, T. I. 2019. Legumes 

for soil fertility management and sustainable agriculture. SATSA 

Mukhapatra-Annu Tech. (23): 29-46. 

Horváth, E., Szalai, G., and Janda, T. 2007. Induction of abiotic stress tolerance 

by salicylic acid signalling. J. Plant Growth Reg. 26(3): 290-300. 



197 

 

Hossain, M. A., Hasan, M. A., Sikder, S., and Chowdhury, A. 2017. Leaf 

characteristics and yield Performance of mungbean (Vigna radiata L.) 

varieties under different levels of shading. Agriculturists 15(2): 40-51. 

Howlader, M. H. K., Bain, S. K., Hasan, M. M., Khan, A., and Biswas, S. 2018. 

Source-sink manipulation on yield contributing characters and yield of 

sesame (Sesamum indicum L.). Progressive Agric. 29(1): 1-9. 

Huang, R. H., Liu, J. H., Lu, Y. M., and Xia, R.X. 2008. Effect of salicylic acid 

on the antioxidant system in the pulp of Caranavel orange (Citrus sinensis 

L. Osbeck) at different storage temperatures. Post-harvest Biol. Technol. 

47(2): 168-175. 

Hussain, S. S., Ali, M., Ahmad, M., and Siddique, K. H. 2011. Polyamines: 

natural and engineered abiotic and biotic stress tolerance in plants. 

Biotechnol. Adv. 29(3): 300-311. 

Ingale, S. R. 2007. Physiological responses of blackgram to foliar sprays of cow 

urine and NAA. Ph. D. thesis, Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola, Maharashtra, 121p. 

Jackson, M. L. 1973. Soil Chemical Analysis. Prentice Hall of India Pvt. Ltd., 

New Delhi, 991p.  

Jadhav, R. L. and Kulkarni, S. 2016. Effect of foliar spray of nutrients on 

productivity of greengram (Vigna radiata) in north eastern transitional 

zone of Karnataka, India. Legume Res. 39(5): 817-819. 

Jahan, N. and Yasmin, N. 2017. Growth responses, pigment and stomatal 

behaviour of maize to foliar application of NAA. J. Bangladesh Acad. 

Sci. 41(1): 1-9. 



198 

 

Janaki, M., Krinjal, P., and Lalit, V. 2018. Effect of boron and molybdenum on 

yield and yield attributes of summer green gram (Vigna radiata L.) under 

medium black calcareous soils. 6: 321-323.  

Jensen, E. S., Peoples, M. B., Boddey, R. M., Gresshoff, P. M., Hauggaard-

Nielsen, H., Alves, B. J., and Morrison, M. J. 2012. Legumes for 

mitigation of climate change and the provision of feedstock for biofuels 

and biorefineries: A review. Agron. Sustain. Dev. 32(2): 329-364. 

Jeyakumar, P., Velu, G. C., Rajendran, R., Amutha, M. A., Savery, J. R., and 

Chidambaram, S. 2008. Varied responses of blackgram (Vigna mungo) to 

certain foliar applied chemicals and plant growth regulators. Legume Res. 

31(2): 110-113.   

Johnston, T. J. and Pendleton, J. W. 1968. Contribution of leaves at different 

levels to seed production of upright and lodged soybeans [Glycine max 

(L.) Merr]. Crop Sci. 8: 291-292. 

Kadam, G. R., Kalyankar, S. V., Kadam, B. P., Borgaonkar, S. B., Dopewad, H. 

B. 2008. Effect of sowing dates and NAA on growth and yield of 

blackgram. Ann. Plant Physiol. 22(2): 169-171. 

Kakiuchi, J. and Kobata, T. 2006. The relationship between dry matter increase of 

seed and shoot during the seed-filling period in three kinds of soybean 

with different growth habits subjected to shading and thinning. Plant Prod. 

Sci. 9: 20-27. 

Kalarani, M. K. 1991. Senescence regulation in soybean (Glycine max (L.) 

Merrill). M.Sc. (Ag.) thesis, Tamil Nadu Agricultural University, 

Coimbatore. 91p. 

Kalita, P., Dey, S. C., and Chandra, K. 1995. Influence of foliar application of 

phosphorus and naphthalene acetic acid on nitrogen, dry matter 



199 

 

accumulation and yield of green gram. Indian J. Plant Physiol. 38(3): 197-

202. 

Kalyankar, S. V., Kadam, G. R., Borgaonkar, S. B., Deshmukh, D. P., and 

Kadam, B. P. 2008. Effect of foliar application of growth regulators on 

seed yield and yield components of soybean (Glycine max (L.) Merill). 

Asian J. Bio-Sci. 3(1): 229-230.  

Kannan, S. 2010. Foliar fertilization for sustainable crop production. Sust. Agric. 

Rev. 4: 371- 402. 

Kapase, P. V., Deotale, R. D., Sawant, P. P., Sahane, A. N., and Banginwar, A. D. 

2014. Effect of foliar sprays of humic acid through vermicompost wash 

and NAA on morpho-physiological parameters, yield and yield 

contributing parameters of chickpea. J. Soils Crops 24(1): 107-114. 

Kariuki, P.M., Onyango, C.M., Lukhoba, C.W. and Njoka, J.T., 2018. Evaluation 

of agronomic performance of green gram accessions grown under reduced 

light intensity in the arid and semiarid areas of Kenya. Int. J. Plant Soil 

Sci. 23(2): 1-11. 

Karpagam, R., Kannan, M., Natarajan, S., and Srinivasan, K. 2004. Studies on the 

efficacy of foliar feeding of water soluble fertilizers on growth parameters 

and yield of brinjal (Solanum melongena L.) hybrid ‘COBH-1’. S. Indian 

Hort. 52(1-6): 139-145. 

Karthikeyan, A., Vanathi, J., Babu, S., and Ravikumar, C. 2020. Studies on the 

effect of foliar application of organic and inorganic nutrients on the 

phenotypic enhancement of blackgram cv. Vamban-6. Plant Arch. 20(2): 

1161-1164. 

Kashyap, D. K., Tiwari, S. P., Arti, G., and Nanda, H. C. 2018. Physiological 

manipulation for yield enhancement in mungbean (Vigna radiata L. 

Wilenze K). Trends Biosci. 11(6): 767-770. 



200 

 

KAU [Kerala Agricultural University]. 2016. Package of Practices 

Recommendations: Crops (15th Ed.). Kerala Agricultural University, 

Thrissur, 393p.  

Kaur, S. and Nayyar, H. 2015. Selenium fertilization to salt-stressed mungbean 

(Vigna radiata L. Wilczek) plants reduces sodium uptake, improves 

reproductive function, pod set and seed yield. Sci. Hortic. 197: 304-317. 

Kelaiya, V. V., Jethwa, M. G., Patel, J. C., and Sadaria, S. G. 1991. Effect of 

growth regulators and their spraying schedule on groundnut. Indian J. 

Agron. 36(1): 111-113.  

Keuskamp, D. H., Sasidharan, R., and Pierik, R. 2010. Physiological regulation 

and functional significance of shade avoidance responses to neighbours. 

Plant Signal. Behav. 5(6): 655-662. 

Khan, N., Syeed, S., Masood, A., Nazar, R., and Iqbal, N. 2010. Application of 

salicylic acid increases contents of nutrients and antioxidative metabolism 

in mungbean and alleviates adverse effects of salinity stress. Int. J. Plant 

Biol. 1(1): 11-18. 

Khandaker, M. M., Hossain, A. S., Osman, N., Mat, N., and Boyce, A. N. 2015. 

Growth, yield and postharvest quality of wax apple as affected by 

Naphthalene acetic acid application. Revista Brasileira de 

Fruticultura, 37: 410-422. 

Khatun, S., Roy, T. S., Haque, M. N., and Alamgir, B. 2016. Effect of plant 

growth regulators and their time of application on yield attributes and 

quality of soybean. Int. J. Plant Soil Sci. 11(1): 1-9. 

Kong, D. X., Li, Y. Q., Wang, M. L., Bai, M., Zou, R., Tang, H., and Wu, H. 

2016. Effects of light intensity on leaf photosynthetic characteristics, 

chloroplast structure and alkaloid content of Mahonia bodinieri (Gagnep.) 

Laferr. Acta Physiologiae Plantarum 38(5): 120-122. 



201 

 

Kothule, V. G., Bhalerao, R. K., and Sathe, B. V. 2003. Effect of exogenous 

application of growth regulators on growth, biomass partitioning and yield 

in soybean. An. Plant Physiol. 17(1): 95-99. 

Krishnankutty, N. K. 1983.  Shade response of common rainfed inter crops of 

Coconut part III-vegetables, Ph. D. thesis, Kerala Agricultural University, 

Thrissur, 189p.  

Kulkarni, S., Upperi, S. N., and Jadhav, R. L. 2016. Greengram productivity 

enhancement through foliar spray of nutrients. Legume Res. 39(5): 814-

816. 

Kulsum, M. U., Baque, M. A., and Karim, M. A. 2007. Effects of different 

nitrogen levels on the morphology and yield of blackgram. J. Agron. 6: 

125-130. 

Kumar, D. and Simaiya, R. S. V. 2019. Effect of foliar application of nutrients on 

yield and economics of blackgram (Vigna mungo Hepper) under rainfed 

Vertisols of Central India. J. Pharmacognosy Phytochem. 8(1): 2373-

2376. 

Kumar, D., Singh, R. P., Somasundaram, J., Simaiya, V., and Jamra, S. 2018. 

Effect of foliar application of nutrients on growth and development of 

blackgram (Vigna mungo (L.) Hepper) under rainfed vertisols of Central 

India. Int. J. Chem. Stud. 6(1): 609-613. 

Kumar, P., Dube, S. D., and Chauhan, V.S. 1999. Effect of salicylic acid on 

growth, development and some biochemical aspects of soybean (Glycine 

max L. Merrill). Indian J. Plant Physiol. 4(4): 327-330. 

Kuttimani, R. and Velayutham, A. 2011. Foliar application of nutrients enhances 

the yield attributes and nutrient uptake of greengram. Agric. Sci.  Dig.  

Res. J. 31(3): 202-205. 



202 

 

Laberge, G., Haussmann, B., Ambus, P., and Høgh-Jensen, H. 2011. Cowpea N 

rhizodeposition and its below-ground transfer to a co-existing and to a 

subsequent millet crop on a sandy soil of the Sudano-Sahelian eco-

zone. Plant Soil 340: 369-382. 

Lakshmamma, P. and Rao, I. V. S. 1996a. Influence of shading and NAA on yield 

and yield component in Black gram. Ann. Agric. Res. 17(30): 320-321. 

Lakshmamma, P. and Rao, I. V. S. 1996b. Response of blackgram (Vigna mungo 

L.) to shade and naphthalene acetic acid. Indian J. Plant Physiol. 1: 63-64. 

Lambers, H., Chapin III, F. S., and Pons, T. L. 1998. Plant Physiological Ecology.  

Springer-Verlag. New York, 540p. 

Lambers, H., Chapin III, F. S., and Pons, T. L. 2008. Plant Physiological Ecology 

(2nd Ed.). Springer Science and Business Media, New York, 623p. 

Latha, M. R. and Nadanassababady, T. 2003. Foliar nutrition in crops. Agric. Rev. 

24(3): 229-234. 

Lemaire, G., Oosterom, V. E., Sheehy, J., Jeuffroy, M. H., Massignam, A., and 

Rossato, L. 2007. Is crop nitrogen demand more closely related to dry 

matter accumulation or leaf area expansion during vegetative growth. 

Field Crops Res. 100: 91-106. 

Leopold, A. C. and Kriedmann, P. E. 1975. Plant Growth and Development (2nd 

Ed). Mc Graw – Hill book co. New York, pp. 123-126.   

Lewis, G., Schrire, B., Mackinder, B., and Lock, M. 2005. Legumes of the World. 

The Royal Botanic Gardens, Kew, 577p.  

Liang, X., Zhang, L., Natarajan, S. K., and Becker, D. F. 2013. Proline 

mechanisms of stress survival. Antioxid. Redox Signal. 19(9): 998-1011. 



203 

 

Limbikai, G. T. 2012. Response of blackgram to sulphur application and foliar 

sprays under rainfed condition. M.Sc. (Ag) thesis, University of 

Agricultural Sciences, Dharwad, 84p. 

Liu, X., Rahman, T., Song, C., Su, B., Yang, F., Yong, T., Wu, Y., Zhang, C., and 

Yang, W. 2017. Changes in light environment, morphology, growth and 

yield of soybean in maize-soybean intercropping systems. Field Crops 

Res. 200: 38-46. 

Liyanage, M. D. S. and Dasanayake, K. B. 1993. Experiences in coconut-based 

farming systems in Sri Lanka. In: Nair, M. K., Khan, H. H.,  

Gopalasundaram, P., and Rao, E. V. V. B. (eds), Advances in Coconut 

Research and Development (Proceedings of the International Symposium 

Indian Society for Plantation Crops), Oxford and IBH Publishing Co, New 

Delhi, India, pp. 357-367. 

Liyanage, M. de and Mc William, J. R. 1981. Effects of irradiance on the seed 

yield and yield components of mung beans (Vigna radiata (L) 

Wilcz.). Legume Res. 4(2): 71-77. 

Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. 1950. Protein 

measurement with the folin phenol reagent. J. Biological Chem. 193(1): 

265-275. 

Lynch, J. M. and Whips, J. M. 1990. Substrate flow in the rhizosphere. Plant Soil 

129: 1-10. 

Mahajan, G. M. 2014. Effect of foliar application of seaweed extract and plant 

growth regulators on growth, productivity and quality of soybean [Glycine 

max (L.) merrill]. Ph. D. Thesis, Jawaharlal Nehru Krishi Vishwa 

Vidyalaya, Jabalpur, 89p. 



204 

 

Mahala, C., Dadheech, R., and Kulhari, R. 2001. Effect of plant growth regulators 

on growth and yield of blackgram (Vigna mungo) at varying levels of 

phosphorus. Crop Res. 18(1): 163-165.  

Mahla, C. P. S., Dacheech, R. C., and Kulhari, R. K. 1999. Effect of plant growth 

regulators on growth and yield of blackgram (Vigna munga L. Hepper) at 

varying levels of phosphorus. J. Crop Res. 18(1): 163-165. 

Maity, U. and Bera, A. K. 2009. Effect of exogenous application of brassinolide 

and salicylic acid on certain physiological and biochemical aspects of 

green gram (Vigna radiata L. Wilczek). Indian J. Agric. Res. 43(3): 194-

199. 

Mallesha, K., Muralli., Shruthi, M. K., Kombali, G., and Patil, B. 2014. Effect of 

foliar application of water soluble fertilizer on protein yield, dry matter 

production and grain yield of pigeonpea. Green Farming 5: 117-119. 

Mamathashree, C. M. 2014. Effect of foliar spray of water soluble fertilizers on 

growth and yield of pigeonpea [Cajanus cajan (L.) Millsp.]. M. Sc. (Ag.) 

thesis, University of Agricultural Sciences, Dharwad, India, 90p. 

Mamathashree, C. M., Shilpa, H. D., Tahshildar, M., Sadashivanagouda, S. N. O., 

and Amrutha, T. G. 2014. Suitable water soluble fertilizers for foliar spray 

increasing the yield of pigeonpea. Trends Biosci. 7(24): 4146-4148. 

Mandavia, M. K., Karkar, C., Mandavia, C., and Khasiya, V. 2006. Effect of 

salicylic acid and brassinolide on yield and quality traits of chickpea 

seeds. Indian J. Agric. Biochem. 19(1): 29-31. 

Manjri, S. A., Gupta, S. D., Bahadur, R., and Singh, A. K. 2018. Responses of 

blackgram (Vigna mungo) to foliar applied plant growth regulators. Int. J. 

Curr. Microbiol. Appl. Sci. 7: 4058-4064.   



205 

 

Manoj, K. N., Umesh, M. R., Ramesh, Y. M., Anand, S. R., and Angadi, S. 2019. 

Dry matter production and radiation use efficiency of pulses grown under 

different light conditions. Bangladesh J. Bot. 48(1): 9-15. 

Manonmani, V. and Srimathi, P. 2009. Influence of mother crop nutrition on seed 

yield and quality of blackgram. Madras Agric. J. 96(1/6): 125-128. 

Marimuthu, S. and Surendran, U. 2015. Effect of nutrients and plant growth 

regulators on growth and yield of black gram in sandy loam soils of 

Cauvery new delta zone, India. Cogent Food Agric. Available: 

https://www.tandfonline.com/doi/pdf/10.1080/23311932.2015.1010415. 

[22 July 2021]. 

Maurya, P., Kumar, V., Maurya, K. K., Kumawat, N., Kumar, R., and Yadav, M. 

P. 2014. Effect of potassium application on growth and yield of wheat 

varieties. Bioscan 9(4): 1371-1373. 

Medhi, A. K., Dhar, S., and Roy, A. 2014. Effect of different growth regulators 

and phosphorus levels on nodulation, yield and quality components in 

green gram. Indian J. Plant Physiol. 19(1): 74-78. 

Melro, D., Soldati, A., and Keller, E. R. 1987. Influence of growth regulators on 

abscission of flower and young pods of soybeans. Eurosaya 5: 31-38. 

Mir, M., Mobin, N. A., Khan, M. A., Bhat, N. A., Lone, K. A., Bhat, S. M., Razvi, 

S. A., Wani, N., Akhter, S., Rashid, S., Masoodi, N. H., and Payne, W. A. 

2010. Crop responses to interaction between plant growth regulators and 

nutrients. J. Physiol. 2(10): 9-19.  

Mishra, R. and Ahmed, M. 1990. Manual on Irrigation Agronomy.  Oxford and 

IBH publishing House, New Delhi, 412p.  



206 

 

MoA and FW [Ministry of Agriculture and Farmers Welfare]. 2021. Available: 

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1741992 [10 Dec. 

2021]. 

Montgomery, E. G. 1911. Correlation studies in corn. Nebraska Agr. Exp. Sta. 

Annu. Rep. 24: 108-159.  

Mudalagiriyappa, M. S., Ali, B. K., Ramachandrappa, Nagaraju, B. C., and 

Shankaralingappa. 2016. Effect of foliar application of water soluble 

fertilizers on growth, yield and economics of chickpea (Cicer arietinum 

L.). Legume Res. 39: 610-613. 

Mulagund, J., Porika, H., Soorianathasundaram, K., and Deepika, C. 2015. 

Influence of growth regulators combined with chemicals to improve post-

harvest fruit quality in banana cv. Nendran (Musa AAB). J. Food 

Processing Technol. 6(3): 1-3. 

Müller, M. and Munné-Bosch, S. 2021. Hormonal impact on photosynthesis and 

photo-protection in plants. Plant Physiol. 185(4): 1500-1522. 

Murtaza, G., Asghar, R., Ahmad, S., and Majid, S. A. 2007. The yield and yield 

components of pea (Pisum sativum L.) as influenced by salicylic acid. Pak. 

J. Bot. 39(2): 551. 

Nair, R. S. 2020. Genetic analysis in green gram (Vigna radiata (L.) Wilczek).    

M. Sc. (Ag) thesis, Kerala Agricultural University, Thrissur, 136p. 

Natarajan, M. and Palanisamy, S. 1988. Association between yield and dry matter 

components in mungbean. Indian J. Pulses Res. 1: 23-26. 

Nawalagatti, C. M., Panchal, I. C., Manylnatchis, I. S., and Channappagoldar, B. 

B. 1991. Effects of different levels of plant growth regulators at growth 

and yield of groundnut. J. Maharshtra Agric. Univ. 1: 122-123.  



207 

 

Nelliat, E. V., Bavappa, K. V. A., and Nair, P. K. R. 1974. Multistoreyed cropping 

– new dimension of multiple cropping in coconut plantations. World 

Crops 26: 262-266.  

Nichiporovich, A. A. 1960. Photosynthesis and theory of obtaining high crop 

yields. Fifteenth Timirjaze Lecture, U.S.S.R. Field Crop Abst. 13: 169-

175. 

Nooden, L. D., Kahanak, G. M., and Okatan, Y. 1979. Prevention of monocarpic 

senescence in soybeans with auxin and cytokinin: an antidote for self-

destruction. Sci. 841-843. 

Oritani, T. 1978. Studies on nitrogen metabolism in crop plants: the effects of 

light intensity and TIBA on the photosynthetic capacity and nitrogen 

metabolism in the two contrasting varieties of soybean plants. Japanese J. 

Crop Sci. 47(1): 124-132. 

Pandey, S. N. 1975. Effect of planofix (alpha-NAA) on flower abscission and 

productivity of arhar (Cajanus cajan) and soybeans (Glycine max (L.) 

Merrill.). Pesticides 23(2): 128-133. 

Patel, I. and Saxena, O. P. 1994. Screening of PGRs for seed treatment in green 

gram and black gram. Indian J. Plant Physiol. 27(3): 206-208. 

Patel, P. K. and Hemantaranjan, A. 2012. Salicylic acid induced alteration in dry 

matter partitioning, antioxidant defence system and yield in chickpea 

(Cicer arietinum L.) under drought stress. Asian J. Crop Sci. 4(3): 86-102. 

Pathak, G. C., Gupta, B., and Pandey, N. 2012. Improving reproductive efficiency 

of chickpea by foliar application of zinc. Braz. J. Plant Physiol. 24(3): 

173-180. 

Patil, S. N., Patil, R. B., and Suryawanshi, Y. B. 2005. Effect of foliar application 

of plant growth regulators and nutrients on seed yield and quality 



208 

 

attributes of mungbean (Vigna radiata (L.) Wilczek.). Seed Res. 33(2): 

142-145. 

Pearce, R. B., Carlson, G. E., Barnes, D.K., Hart, R. H., and Hanson, C. H. 1969. 

Specific leaf weight and photosynthesis in alfalfa. Crop Sci. 9(4): 423-426.  

Piper, C. S. 1966. Soil and Plant Analysis. University of Adelaide, Australia, 

368p. 

Poehlman, J. M. 1991. Association of Agronomic Characters in Mungbean. 

Westview Press, Boulder, Colorado, 375 pp. 

Prabhu, D. 2000. Influence of plant growth regulators and micronutrients in 

blackgram [Vigna mimgo (L.) Hepper]. Ph. D. thesis, University of 

Agricultural Sciences, Bangalore, 152p. 

Pradeep, M. M. and Elamathi, S. 2007. Effect of foliar application of DAP, 

micronutrients and NAA on growth and yield of green gram (Vigna 

radiata L.). Legume Res. 30(4): 305-307. 

Prakash, M., Kumar, J. S., Kannan, K., Kumar, M. S., and Ganesan, J. 2003. 

Effect of plant growth regulators on growth, physiology and yield of 

blackgram. Legume Res. 26(3): 183-187. 

Prasad, B. R., Madhuri, N., Keerthi, V. K. V., and Prathima, T. 2016. Effect of 

nitrogen and potassium on yield and quality of pearl millet (Pennisetum 

glaucum L.). Int. J. Agric. Innov. Res. 4(4): 129-134.   

Radhamani, S., Balasubrarnaniann, A., and Chinnusamy, C. 2003. Foliar nutrition 

with growth regulators on the productivity of rainfed greengram. Agric. 

Sci. Digest 23(4): 307-308.  

Rahman, I.U., Afzal, A., Iqbal, Z., Shah, A.H., Khan, M.A., Ijaz, F., Sohail, A.U., 

Nisar, A., Zainab, R., and Manan, S. 2015. Review of foliar feeding in 



209 

 

various vegetables and cereal crops boosting growth and yield 

attributes. American-Eurasian J. Agric. Environ. Sci. 15: 74-77. 

Rahman, M. Z., Islam, M. R., Islam, M. T., and Karim, M. A. 2014. Dry matter 

accumulation, leaf area index and yield responses of wheat under different 

levels of nitrogen. Bangladesh J. Agriculturist 7(1): 27-32. 

Rajamohan, K. 1989. Studies on the effect of plant growth regulators in soybean 

(Glycine max. (L.) Merrill). M.Sc. (Ag) thesis, Tamil Nadu Agricultural 

University, Coimbatore, 121p. 

Rajesh, N. 2011. Studies on the performance of transplanting and foliar nutrition 

in redgram. M. Sc. (Ag) thesis, Tamil Nadu Agricultural University, 

Coimbatore, 99p. 

Ramamoorthy, K., Ramasamy, M., and Jehangir, K. S. 1995. Response of rainfed 

blackgram (Phaseolus mungo) to foliar nutrition of potassium. Indian J. 

Agron. 40(1): 114-115. 

Ramesh, K., Thirumurugan, V., and Chandrasekharan, B. 2001. Effect of nutrients 

and growth regulators on nutrient uptake and productivity of soybean 

(Glycine max). Indian J. Agron. 46(3): 506-510. 

Ramesh, R. and Ramprasad, E. 2013. Effect of plant growth regulators on 

morphological, physiological and biochemical parameters of soybean 

(Glycine max (L.) Merrill.) Helix 6:441-447. 

Rao, A. T. 2011. Performance of redgram cultivars under transplanted conditions. 

M. Sc. (Ag) thesis, Acharya N. G. Ranga Agricultural University, 

Hyderabad, 109p. 

Rao, T. R. K. and Ghildiyal, M. C. 1985. Analysis of photosynthetic source and 

sink relationship in mung bean (Vigna radiata (L.) Wilczek). Indian J. 

Plant Physiol. 28(2): 135-144. 



210 

 

Ravichandran, V. K., Velayutham, A., Meyyazhagan, N., and Arunachalam, N. 

1997. Effect of sulphur on the productivity of greengram. TNAU News 

Letter 26(12): 2. 

Ravikumar, G. H. and Kulkarni G. N. 1988. Effect of growth regulators on seed 

quality in soybean genotypes. Seeds Farms 14: 25-28. 

Ravindranath, N. N. V. S., Satyanarayana, N. V., Prasad, P., and Rao, K. M. 1985. 

Foliar application of potassium on the growth and yield components of 

pigeonpea (Cajanus cajan (L.) Millsp.). Proc. Plant Sci. 94(4-6): 671-676. 

Reddy, C. S. and Shah, C. B. 1984. Effect of growth regulators on Spanish bunch 

and Virginia runner groundnut cultivars. Indian J. Agron. 29(4): 516-521. 

Reddy, M. M, Padmaja, B., Malathi, S., and Rao, J. L. 2010. Effect of 

micronutrients on growth and yield of pigeonpea. J. Environ. Biol. 31(6): 

933-937. 

Reddy, P. V. 2002. Effect of growth regulators on growth, physiology and yield in 

chickpea (Cicer arietinum L.) Ph.D thesis, University of Agricultural 

Sciences, Banglore, 111p. 

Reddy, T. Y., Reddy, V. R., and Anbumozhi, V. 2003. Physiological responses of 

groundnut (Arachis hypogaea L.) to drought stress and its amelioration: a 

critical review. Plant Growth Reg. 41: 75-78. 

Reinecke, D. M. and Bandurski, R. S. 1987. Auxin biosynthesis and metabolism. 

In: Davies, P. (ed.) Plant Hormones and their Role in Plant Growth and 

Development. Springer, Netherlands, pp. 24-42. 

Resmi, R. and Gopalakrishnan, T. R. 2006. Effect of plant growth regulators on 

the performance of yard long bean (Vigna unguiculata var. sesquipedalis 

(L.) Verdcourt). J. Trop. Agric. 42: 55-57. 



211 

 

Rhodes, A. and Ashworth, R. D. B. 1952. Mode of action of growth regulators in 

plants. Nature 169: 76-77. 

Ross, J. 1976. Radiative transfer in plant communities. In: Monteith, J. L. (ed.) 

Vegetation and the Atmosphere. Academic Press, London, pp. 13-55. 

Sadasivam, R., Chandrababu, N., Natarajaratnam, and Sreerangaswamy, S. R. 

1990. Effect of potassium nutrition on growth and yield of greengram. 

Madras Agric J. 77(7-8): 346-348.  

Sakin, E. 2012. Organic carbon organic matter and bulk density relationships in 

arid-semi arid soils in southeast Anatolia region. Afr. J. Biotechnol. 11(6): 

1373-1377. 

Salim, M. M. 1992. Effect of sowing methods and foliar nutrition with urea and 

some micronutrients on growth and yield of soybean. Egypt. J. Agron. 17: 

141-154. 

Sampath, P. and Kulandaivelu, G. 1983. Photochemical activities and 

organization of photosynthetic apparatus of C3 and C4 plants grown under 

different light intensities. Photosynth. Res. 4: 351-360. 

Sandaña, P. and Calderini, D. F. 2012. Comparative assessment of the critical 

period for grain yield determination of narrow-leafed lupin and pea. Eur. 

J. Agron. 40: 94-101. 

Sangwan, P. S. and Raj, M. 2004. Effect of zinc nutrition on yield of chickpea 

(Cicer arietinum L.) under dryland conditions. Indian J. Dryland Agric. 

Res. Dev. 19(1): 1-3. 

Sarkar, M. D., Rahman, M., Uddain, J., Quamruzzaman, Md., Azad, O., Rahman, 

Md., Hafizur, Islam, Rahman, M., Choi, Ki., and Naznin, T. 2021. 

Estimation of yield, photosynthetic rate, biochemical, and nutritional 



212 

 

content of red leaf lettuce (Lactuca sativa L.) grown in organic substrates. 

Plants 10(6):1220. 10.3390/plants10061220.   

Sarker, B. C. and Rahim, M. 2013. Yield and quality of mango (Mangifera indica 

L.) as influenced by foliar application of potassium nitrate and urea. 

Bangladesh J. Agric. Res. 38: 145-154. 

Sathyamoorthi, K., Amanullah, M. M., Somasundaram, E., Pazhanivelan, S., and 

Vaiyapuri, K. 2008a. Root growth and yield of greengram (Vigna radiata 

(L.) Wilczek) as influenced by increased plant density and nutrient 

management. J. App. Sci. Res. 4(7): 917- 924. 

Sathyamoorthi, K., Amanullah, M. M., Somasundaram, E., Vaiyapuri, K., and 

Pazhanivelan, S. 2008b. Influence of increased plant density and fertilizer 

levels on physiological parameters and yield of green gram (Vigna radiata 

(L.) Wilczek). Res. J. Agric. Biol. Sci. 4(4): 301-309. 

Schoch, P. G. and Santos-Candelario, L. 1974. Influence of shade on growth and 

productivity of Vigna sinensis L. leaves. Turrialba. 2(3): 231-240. 

Senthil, A., Pathmanaban, G., and Srinivasan, P. S. 2003. Effect of bioregulators 

on some physiological and biochemical parameters of soybean (Glycine 

max L.). Legume Res. 26(1): 54-56. 

Setia, N., Setia, S. R. C., and Malik, C. P. 1993. Alterations in growth and yield 

components of lentil in response to foliar application of NAA. Indian J. 

Plant Physiol. 36(1): 47-52. 

Setiawati, T., Ayalla, A., Nurzaman, M., and Mutaqin, A. Z. 2018. Influence of 

light intensity on leaf photosynthetic traits and alkaloid content of 

Kiasahan (Tetracera scandens L). IOP Conference Series: Earth and 

Environmental Science 166(1). Available; 

https://iopscience.iop.org/article/10.1088/1755-1315/166/1/012025/pdf [13 

May 2021]. 



213 

 

Shakirova, F. M., Sakhabutdinova, A. R., Bezrukova, M. V., Fatkhutdinova, R. 

A., and Fatkhutdinova, D. R. 2003. Changes in the hormonal status of 

wheat seedlings induced by salicylic acid and salinity. Plant Sci. 164: 317-

322. 

Sharma, P., Sardana, V., and Singh, S. K. 2013. Dry matter partitioning and 

source–sink relationship as influenced by foliar sprays in 

groundnut.  Bioscan 8(4): 1171-1176. 

Shashikumar, R., Basavarajappa, S. R., Salakinkop, Hebbar, M., Basavarajappa 

M. P., and Patil H. Y. 2013. Influence of foliar nutrition on performance of 

blackgram (Vigna mungo L.) nutrient uptake and economics under dry 

land ecosystems. Legume Res. 36(5): 422-428. 

Shibles, R. M. and Weber, C. R. 1965. Leaf area, solar radiation interception and 

dry matter production by soybeans. Crop Sci. 5(6): 575-577.  

Shinde, A. K. and Jadhav, B. B. 1995. Influence of NAA, ethrel and KNO3 on leaf 

physiology and yield of cowpea. Ann. Plant Physiol. 9: 43-46. 

Shivashankara, K. S., Mithila, J., and Maiti, S. 2000. Effect of different light 

intensities on growth and yield of betelvine (Piper betle L.). J. Plantation 

Crops 28(3): 196-200. 

Shohag, M. J. I., Karim, M. A., and Rahman, M. S. 2008. Effect of growth 

regulator on morphological attributes of mung bean under irrigated and 

non-irrigated conditions. J. Agrofor. Environ. 2(1): 1-6. 

Shruthi, M. K. and Vishwanath, A. P. 2018. Influence of foliar application of 

water soluble NPK fertilizer on yield, economics nutrient uptake and 

quality of lima bean, Int. J. Pure App. Biosci. 6(2): 562-566.  



214 

 

Shukla, K. C., Singh, O. P., and Samaiya, R. K. 1997. Effect of foliar spray of 

plant growth regulator and nutrient complex on productivity of soybean. 

Crop Res. 13: 213-215. 

Shwetha, N., Sajjan, A. S., Hosamani, J., and Soregaon, C. D. 2021. Investigation 

on foliar spray of nutrients, growth regulators on hybrid seed quality and 

genetic purity testing in hybrid pigeonpea [Cajanus cajan (L.) Millsp]. Int. 

J. Curr. Microbiol. App. Sci. 10(1): 721-728.  

Simpson, J. E., Adair, C. H., Kohler, G. O., Dawson, E. N., Debald, H. A., Kester, 

E. B., and Klick, J. T. 1965. Quality evaluation studies of foreign and 

domestic rice. Tech. Bull. No. 1331. Services, USDA, pp. 1-86.  

Singh, A. K. and Srivastava, P. K. 2021. Growth in area, production and 

productivity of urdbean in india: an empirical study. Himalayan J. Agric. 

2(4). Available: https://himjournals.com/article/articleID=255 [22 

November 2021].  

Singh, B. P., Srivastava, G. P., Pandey, A. C, Prasad, P., Maradi, G., Krishna, G., 

Kumar, A., and Kumar, M. 2009. Response of blackgram (Vigna mungo) 

to nitrogen levels and planting geometry under late sown condition. J. 

Tropical. Agri. 27: 297-300. 

Singh, C. and Jambukiya, H. 2020. Effect of foliar application of plant growth 

regulators on growth and yield attributing characters of green gram (Vigna 

radiata L. Wilczek). J. Crop Weed 16(2): 258-264.  

Singh, G. and Kaur, M. 1980. Effect of growth regulators on podding and yield of 

mung bean (Vigna radiata (L.) Wilczek). Indian J. Plant Physiol. 23: 366-

370. 

Singh, G., Sekhon, N., and Manjit, K. 1980. Effect of phenolic compounds on the 

yield potential of gram (Cicer arietinum L.). Indian. J. Plant Physiol. 23: 

21-25. 



215 

 

Singhal, V. K., Patel, G. G., Kumar, U., Kumar, T., and Painkra, B. 2016. Effect 

of the efficacy of foliar application of water soluble fertilizers in vegetable 

cowpea. Res. Environ. Life Sci. 9(12): 1478-1481. 

Singhal, V. K., Patel, G. G., Patel, D. H., Kumar, U., and Saini, L. K. 2015. Effect 

of foliar application of water soluble fertilizers on growth, yield and 

economics of vegetable cowpea production. Ecosan 7: 79-83. 

Sivakumar, M. V. K. and Virmani, S. M. 1984. Crop productivity in relation to 

interception of photosynthetically active radiation. Agric. Forest 

Meteorol. 31(2): 131-141. 

Sivakumar, R., Kalarani, M. K., Maiolica, V., and Sujatha, K. B. 2001. Effect of 

growth regulators on biochemical attributes, grain yield and quality in 

pearl millet (Pennisetum glaucum L. R. Br.). Madras Agric. J. 8: 256-259. 

Solaiappan, U., Paulpandi, V. K., and Chellaiah, N. 2002. Effect of graded levels 

of phosphorus and foliar fertilization on short duration redgram in rainfed 

vertisol. Madras Agric. J. 87: 451-454. 

Subbiah, B. V. and Asija, G. L. 1956. Rapid procedure for estimation of available 

nitrogen in soils. Curr. Sci. 25: 259-260.  

Subbian, P. and Chamy. A. S. 1984. Effect of growth regulators on pod setting 

and yield of greengram. Madras Agric. J. 71(2): 129-131. 

Subhadrabandhu, S., Adams, M. W., and Reicosky, D. A. 1978. Abscission of 

flowers and fruits in Phaseolus vulgaris L. cultivar differences in 

flowering pattern and abscission. Crop Sci. 18: 893 - 896. 

Subramanian, A. and Palaniappan, S. P. 1981. Effect of methods of planting, 

planting density and fertilization on yield of blackgram in irrigated system. 

Madras Agric. J. 68: 96-99.  



216 

 

Sujatha, K. B. 2001. Effect of foliar spray of chemicals and bio-regulators on 

growth and yield of grengram (Vigna radiata (L.) Willzek). M.Sc. (Ag) 

thesis, Tamil Nadu Agricultural University, Coimbatore. 101p.  

Suman, B. M. 2018. Nutrient scheduling for upland rice intercropped in coconut 

(Oryza sativa L.). M.Sc. (Ag) thesis, Kerala Agricultural University, 

Thrissur, 154p. 

Surendran, U. 2000. Effect of spilt application of potash and sulphate of potash on 

growth and yield of lowland rice. M. Sc (Ag) Thesis. Annamalai 

University, Annamalainagar, 112p. 

Swaminathan, C., Surya, R., Subramanian, E., and Arunachalam, P. 2021. 

Challenges in pulses productivity and agronomic opportunities for 

enhancing growth and yield in blackgram [Vigna mungo (L.) Hepper]: a 

review. Legume Res.1-9.  

Swamy, G. N., Meghana, D., Kowsalya, K. B., Sudeshna, K., Anil, K., and Nair, 

K. 2021. History, mechanism and functions of plant growth regulators in 

vegetable crops. Pharma Innovation J. SP-10(7): 556-567.  

Syriac, E. K., Chandrasekharan, P., and Nair, V. M. 1988. Effect of soil and foliar 

application of N and P on the yield and quality of blackgram [Vigna 

mungo (L.) Hepper]. Agric. Res. J. Kerala 26(1): 66-72. 

Tabassum, D., Akhtar, A., and Inam, A. 2013. Effect of wastewater irrigation on 

growth, physiology and yield of mustard. Int. J. Bot. Res. 3: 27-34.  

 Tagawa, T. and Bonner, J. 1957. Mechanical properties of the Ayena coleoptile as 

related to auxin and ionic interactions. Plant Physiol. 3(21): 207-212. 

Taiz, L. and Zeiger, E. 2003. Auxin – the growth hormone In: Plant Physiology, 

Panima Publishing Croporation, New Delhi pp. 423-456. 



217 

 

Tajul, M. I., Alam, M. M., Hossain, S. M. M., Naher, K., Rafii, M. Y., and Latif, 

M. A. 2013. Influence of plant population and nitrogen-fertilizer at various 

levels on growth and growth efficiency of maize.  Scientific World 

J. Available: https://www.hindawi.com/journals/tswj/2013/193018/ [10 

July 2021]. 

Tarilla, A. G. I., Ormrod, D. P., and Adedipe, N. O. 1977. Effects of phosphorus 

nutrition and light intensity on growth and development of the cowpea 

(Vigna unguiculata L.). Ann. Bot. 41: 75-83. 

Thakare, D. P., Mula, M. G., Mehtre, S. P., Saxena, K. B., and Rathore, A. 

2013. Seedling vigour study in pigeonpea (Cajanus cajan (L.) Millsp.) 

hybrids and varieties. J. Food Leg. 26: 100-102. 

Thakare, K. G., Chore, C. N., Deotale, R. D., Kamble, P. S., Pawar, S. B., and 

Lende, S. R. 2006. Influence of nutrients and hormones on biochemical 

and yield and yield contributing parameters of soybean. J. Soils 

Crops 16(1): 210-216.  

Thamburaj, S. 1991. Research accomplishments in tapioca at Tamil Nadu 

Agricultural University. In: Gupta, A. K. (ed.) Green Book on Tapioca. pp. 

17. 

Thavaprakaash, N. and Velayudham, K. 2007. Effect of crop geometry, 

intercropping systems and INM practices on cob yield and nutrient uptake 

of baby corn. Asian J. Agric. Res. 1(1): 10-16. 

TNAU [Tamil Nadu Agricultural University] 2012. Crop Production Guide. 

Tamil Nadu Agricultural University, Coimbatore, 388p. 

Tohamy, W. A., El-Abagy, H. M., Badr, M. A., Abou-Hussein, S. D., and Helmy, 

Y. I. 2011. The influence of foliar application of potassium on yield and 

quality of carrot (Daucus carota L.) plants grown under sandy soil 

conditions. Aust. J. Basic Appl. Sci. 5(3): 171-174. 



218 

 

Trang, K. M. and Giddens, J. 1980. Shading and temperature as environmental 

factors affecting growth, nodulation, and symbiotic N2 fixation by 

soybeans. Agron. J. 72(2): 305-308. 

Upadhyay, R. G. and Ranjan, R. 2015. Effect of growth hormones on 

morphological parameters, yield and quality of soybean (Glycine max L.) 

during changing scenario of climate under midhill conditions of 

Uttarakhand. Int. J. Trop. Agric. 33: 1899-1904. 

Upadhyay, R. G., Singh, B. B., and Yadav, D. N. 1993. Effect of bioregulators on 

biochemical constraints and yield of chickpea (Cicer arietinum). Indian J. 

Plant Physiol. 36 (3): 195-196. 

Valizadeh, M. and Shakiba, M. R. 2006. Response of common bean (Phaseolus 

vulgaris L.) to different levels of shade. J. Agron. 5: 595-599. 

Valladares, F., Hernandez, L. G., Dobarro, I., Garcia-Perez, C., Sanz, R., and 

Pugnaire, F. I. 2003. The ratio of leaf to total photosynthetic area 

influences shade survival and plastic response to light of green-stemmed 

leguminous shrub seedlings. Ann. Bot. 91: 577-584. 

Vendramini, F., Díaz, S., Gurvich, D. E., Wilson, P. J., Thompson, K., and  

Hodgson, J. G. 2002. Leaf traits as indicators of resource‐use strategy in 

floras with succulent species. New Phytologist 154(1): 147-157. 

Venkatesh, M. S. and Basu, P. S. 2011. Effect of foliar application of urea on 

growth, yield and quality of chickpea under rainfed conditions. J. Food 

Legume 24(2): 110-112 

Vernon, A. J. and Allison, J. C. S. 1963. A method of calculating net assimilation 

rate. Nature 200: 814. 



219 

 

Vidal, R., Gerbaud, A., and Vidal, D. 1996. Short-term effects of high light 

intensities on soybean nodule activity and photosynthesis. Environ. Exp. 

Bot. 36(3): 349-357. 

Wahua, T. A. T. and Miller, D. A. 1978. Effects of shading on the N2‐fixation, 

yield, and plant composition of field‐grown soybeans. Agron. J. 70(3): 

387-392. 

Wang, Q., Wang, P., Yang, X., Zhai, Z., Wang, X., and Shen, L. 2003. Effects of 

nitrogen application time on root distribution and its activity in maize (Zea 

mays L). Zhongguo Nong ye ke xue= Zhongguo Nongye Kexue 36(12): 

1469-1475. 

Wang, S. G. and Deng, R. F. 1992. Effect of brassinoteroid (BR) on root 

metabolism in rice. J. Agric. Univ. 14(2): 177-181. 

Wani, S.P., Pathak, P., Jangawad, L. S., Eswaran, H., and Singh, P. 2003. 

Improved management of vertisols in the semiarid tropics for increased 

productivity and soil carbon sequestration. Soil Use Manage. 19(3): 217-

222. 

Watson, D. J. 1947. Comparative physiological studies in the growth of field 

crops I: Variation in net assimilation rate and leaf area between species 

and varieties, and within and between years. Ann. Bot. 11: 41-76.   

Watson, L. and Dallwitz, M. J. 1992. The families of flowering plants: 

descriptions, illustrations, identification, and information retrieval. 

Available: http://deltaintkey.com/angio/www/ dillenia.html [10 July 

2021]. 

Whitehead, M. and Isaac, M. E. 2012. Effects of shade on nitrogen and 

phosphorus acquisition in cereal-legume intercropping systems. Agric. 

2(1): 12-24. 



220 

 

Williams, S. R. F. 1946. Methods of growth analysis. In: Sestak, Z., Catasky, J., 

and Jouris P. J. (eds) Plant Photosynthetic Production Manual Methods. 

Drow, Jenk N. U. Publishers, Hague, pp.348-391. 

Yadav, L. R. and Choudhary, G. L. 2012. Effect of fertility levels and foliar 

nutrition on profitability, nutrient content and uptake of cowpea [Vigna 

unguiculata (L.) Walp]. Legume Res. 35(3): 258-260. 

Yalagar, S., Kalaghatagi, S. B., and Patil, S. B. 2021. Response of pigeonpea 

[Cajanus cajan (L.) Millsp.] to foliar nutrition under rainfed condition. 

Farm Sci. 34(2): 161-165. 

Yamini, V. 2019. Seed treatment and foliar nutrition for enhanced productivity of 

blackgram (Vigna mungo L). M.Sc. (Ag) thesis, Kerala Agricultural 

University, Thrissur, 109p. 

Yao, X., Li, C., Li, S., Zhu, Q., Zhang, H., Wang, H., Yu, C., Martin, S. K. S., and 

Xie, F. 2017. Effect of shade on leaf photosynthetic capacity, light-

intercepting, electron transfer and energy distribution of soybeans. Plant 

Growth Reg. 83(3): 409-416. 

Zhang, J. Z., Sokol, K. P., Paul, N., Romero, E., Van Grondelle, R., and Reisner, 

E. 2016. Competing charge transfer pathways at the photosystem II–

electrode interface. Nat. Chem. Biol. 12(12): 1046-1052. 

Zhang, X., Davidson, E. A., Mauzerall, D. L., Searchinger, T, D., Dumas, P., and 

Shen, Y. 2015. Managing nitrogen for sustainable development. Nature 

528: 51-59. 



 
 
 
 
 
 
 
 
 
 
 

APPENDICES 
 
 



APPENDIX I 

Weather data during the cropping period (Rabi 2019-20) 

 

 

 

 

 

Standard 

week 
Date 

Temperature(℃) Relative 

humidity 

(%) 

Rainfall 

(mm) Maximum 

temperature 

Minimum 

temperature   

40 Oct 2 to 7 31.50 24.70 81.61 3.70 

41 Oct 8 to 14 31.10 24.40 84.36 2.70 

42 Oct 15 to 21 30.90 24.20 87.57 2.00 

43 Oct 22 to 28 30.90 23.60 84.50 1.40 

44 Oct 29 to Nov 4 30.90 24.00 86.86 1.70 

45 Nov 5 to 11 30.30 24.80 78.71 3.50 

46 Nov 12 to 18 28.80 24.60 79.07 3.60 

47 Nov 19 to 25 32.10 24.30 83.43 3.40 

48 Nov 26 to Dec 2 32.60 24.50 81.57 3.10 

49 Dec 2 to 9 32.00 24.10 80.43 2.90 

50 Dec 9 to 16 32.20 23.60 80.93 3.30 

51 Dec 17 to 23 31.40 23.90 82.64 2.40 

1 Jan 1 to 7 31.90 23.76 80.88 2.75 

2 Jan 8 to 10 32.23 24.10 79.86 3.10 



APPENDIX II 

Weather data during the cropping period (Summer 2020) 

 

 

 

Standard 

week 
Date 

Temperature(℃) Relative 

humidity 

(%) 

Rrainfall 

(mm) Maximum 

temperature 

Minimum 

temperature   

7 Feb 15 to Feb 18 32.98 23.55 74.88 0 

8 Feb 19 to Feb 25 33.10 23.20 74.64 0 

9 Feb 26 to Mar 4 33.20 23.40 75.25 37.60 

10 Mar 5 to Mar 11 33.20 24.30 76.71 3.00 

11 Mar 12 to Mar 18 33.40 24.60 73.29 0 

12 Mar 19 to Mar 25 33.70 25.00 74.21 11.70 

13 Mar 26 to April 1 34.10 25.10 72.21 0 

14 April 2 to April 8 34.10 25.00 72.29 19.60 

15 April 9 to April 15 33.90 25.60 73.86 2.90 

16 April 16 to April 22 34.60 25.90 72.83 4.80 

17 April 23 to April 29 34.40 25.94 75.43 60.30 

18 April 30 to May 6 34.20 26.20 73.57 43.00 

19 May 7 to May 13 32.60 25.70 84.79 105.70 

20 May 14 to May 20 31.50 24.90 85.86 125.70 

21 May 21 to May 25 31.88 25.60 87.70 123.40 



APPENDIX III 

Weather data during the cropping period (Rabi 2020-21) 

 

Standard 

week 
Date 

Temperature (℃) Relative 

humidity 

(%) 

Rainfall 

(mm) Maximum 

temperature 

Minimum 

temperature   

43 Oct 24 to Oct 28 31.9 25.3 86.5 0.4 

44 Oct 29 to Nov 4 32.4 25.2 81.6 0 

45 Nov 5 to Nov 11 33.2 25.8 84.2 2.4 

46 Nov 12 to Nov 18 30.6 24.5 90.4 71.0 

47 Nov 19 to Nov 25 32.6 24.9 83.5 0 

48 Nov 26 to Dec 2 33.0 25.1 83.4 11.7 

49 Dec 3 to Dec 9 31.3 24.3 87.5 60.9 

50 Dec 10 to Dec 16 32.8 24.4 84.1 4.0 

51 Dec 17 to Dec 23 32.2 23.9 88.9 9.5 

52 Dec 24 to Dec 31 33.2 23.6 82.1 0 

1 Jan 1 to Jan 7 32.0 23.6 89.4 32.2 

2 Jan 8 to Jan 14 30.4 24.0 91.1 45.0 

 



APPENDIX IV 

 

Average cost of inputs and price of the produce 

Items  Costs (₹) 

Inputs 

Blackgram seeds 180 kg-1 

Lime 15 kg-1 

Dried cow dung powder 5 kg-1 

Urea 10 kg-1 

Rajphos 15 kg-1 

Muriate of potash 17 kg-1 

Sulphate of potash 70 kg-1 

19:19:19 NPK 130 kg-1 

Naphthalene acetic acid 1682 for 25 g 

Salicylic acid 730 for 500 g 

Insecticide (CORAGEN®) 210 for 10 mL 

Labour cost 829 per person 

Produce 

Price of unprocessed blackgram 80 kg-1 
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ABSTRACT 

The research work entitled ‘Productivity enhancement of blackgram (Vigna 

mungo (L.) Hepper) intercropped in coconut gardens’ was undertaken at College of 

Agriculture, Vellayani during 2018-2021. The study aimed to identify shade 

tolerant blackgram varieties suitable for coconut gardens, to study the effect of 

foliar nutrition and plant growth regulators on growth and yield of the shade tolerant 

blackgram varieties intercropped in coconut garden and to work out the economics 

of cultivation. The investigation was carried out as two experiments: (i) screening 

of blackgram varieties for shade tolerance, and (ii) performance evaluation of shade 

tolerant varieties under foliar application of nutrients and growth regulators in 

rainfed coconut garden.   

The first experiment  was conducted during Rabi 2019-20 in coconut garden 

having a light intensity equivalent to 50 per cent of that under open condition (56.25 

klux), planted at a spacing of 7.6 m x 7.6 m. Seeds of 12 promising blackgram 

varieties collected from different research stations of south India (Sumanjana,       

DU 1, DBGV 5, VBN 5, VBN 6, VBN 8, Rashmi, CO 6, TAU 1, TAU 2, Blackgold 

and AKU 15) and three cultures (Culture 4.5.8, Culture 4.5.18 and Culture 4.6.1), 

were raised in micro plots laid out in randomized block design with three 

replications. The crop was raised as per KAU package of practices.  

The results of the study revealed significant variation in growth characters 

among the varieties screened for shade tolerance under partial shade in coconut 

garden. Plants of DBGV 5 were significantly taller (96.89 cm) with higher initial 

number of leaves at all the stages and was on par with Sumanjana and CO 6. Higher 

leaf area index (LAI) and leaf area duration were recorded in CO 6 (5.77, 65.66 

days) and DBGV 5 (5.36, 58.40 days) followed by Sumanjana.  

 

Early flowering was observed in Sumanjana (34.33 days) and DBGV 5 

(36.33 days). The variety DBGV 5 had the highest photosynthetic rate and resulted 

in significantly more pods per plant (23.67) which was on par with CO 6, VBN 5, 

VBN 6, Sumanjana and Rashmi. DBGV 5 produced the highest seed yield per plant 



(5.44 g) followed by VBN 5 and Sumanjana. Haulm yield per plant was higher for 

DBGV 5 (19 g) and was on par with VBN 5, Sumanjana and CO 6. The variety 

DBGV 5 produced the highest seed yield (1183 kg ha-1) followed by VBN 5, 

Sumanjana and CO 6. A higher harvest index of 0.24 was recorded by Sumanjana 

which was on par with DBGV 5 and VBN 6. 

Among the varieties screened, five varieties which performed better in 

terms of yield per unit area under the partial shade in coconut garden viz., DBGV 

5, VBN 5, Sumanjana, CO 6 and VBN 6 were selected for experiment II 

undertaken in summer 2020 followed by the confirmatory trial during                 

Rabi 2020 -21. The experiment was laid out in split plot design with five varieties 

(v1 - Sumanjana, v2 - DBGV 5,v3 - VBN 5,v4 - VBN 6,v5 - CO 6) as main plot 

treatments and six foliar sprays of nutrients and plant growth regulators as subplot 

treatments (f1: 19:19:19 (1%) at 45 and 60 DAS, f2: SOP  (0.5%) at 45 and 60 

DAS, f3: NAA 40 mg L-1 and salicylic acid 100 mg L-1 at pre-flowering (30-45 

DAS) and 15 days later, f4: f3 + f1, f5: f3 + f2 and f6: Control - KAU POP).  

Among the varieties, Sumanjana (v1) grew taller during both the seasons 

and was comparable with CO 6 and DBGV 5 at harvest. Sumanjana produced 

higher number of branches with more number of leaves during both the seasons. 

At flowering, higher LAI, number and dry weight of nodules per plant were 

realized by Sumanjana and was on par with CO 6 (v5) in summer and DBGV 5 

(v2) in Rabi.  

Sumanjana exhibited the highest crop growth rate (CGR) and relative 

growth rate (RGR) during both the seasons at 45-60 DAS. However, DBGV 5 

recorded the highest net assimilation rate (NAR) between 30-45 DAS and 45-60 

DAS during both the seasons. The highest chlorophyll content was recorded by 

DBGV 5 (1.96 mg g-1 fresh tissue) during summer and by Sumanjana                 

(2.36 mg g-1 fresh tissue) during Rabi. The highest stomatal conductance (30.22 

m moles m-2 s-1 and 28.34 m moles m-2 s-1) and lower stomatal index (15.16% 

and 13.34%) were recorded in Sumanjana during both the seasons.   



The variety Sumanjana flowered earlier compared to other varieties 

during both the seasons and produced the highest number of pods per plant (27.30 

and 26.54). Hundred seed weight was significantly higher for DBGV 5 (5.01 g 

and 4.92 g) and remained at par with Sumanjana (4.99 g and 4.88 g) during both 

the seasons. Seed yield, haulm yield and total dry matter production (TDMP) 

were higher for Sumanjana and comparable with DBGV 5 during both the 

seasons. Sumanjana recorded higher NPK uptake during both the seasons 

followed by DBGV 5.  

The subplot factor foliar spray had significant effect on growth, 

physiological and yield attributes of blackgram varieties. Foliar spray of 19:19:19 

(1%) at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at 

pre-flowering and 15 days later (f4) resulted in significantly taller plants, more 

number of branches and leaves. The highest CGR, RGR (at 45-60 DAS), LAI, 

number and dry weight of nodules per plant at flowering were recorded in f4 

during both the seasons. During summer, f3, f4 and f5 recorded higher NAR 

between 45-60 DAS. Higher chlorophyll content and stomatal conductance were 

recorded by f4 during both the seasons. Plants supplied with f3 attained 50 per 

cent flowering earlier and was on par with f5 during both the seasons. Highest 

number of pods per plant, 100 seed weight, seed yield, haulm yield and TDMP 

were recorded by f4 during both seasons. The grain protein content was improved 

by f4 and was on par with f3, f1 and f5. The NPK uptake was higher in f4 and was 

on par with f3 and f5 during summer. Significantly higher organic carbon, 

available N and P was recorded in f4.  

Among the treatment combinations, Sumanjana (v1) with f4 produced 

taller plants at two months after sowing (MAS), higher number of branches and 

leaves per plant during summer and Rabi. Leaf area index, number of nodules 

and dry weight of nodules at flowering were higher for v1f4 followed by v2f4. 

Sumanjana in combination with f4
 measured significantly higher CGR and RGR 

(at active growth stages), highest chlorophyll content, stomatal conductance and 

lower stomatal index during both the seasons. 



The variety Sumanjana with f4 produced superior number of pods per 

plant (30.24 and 29.40) and hundred seed weight during summer and Rabi. A 

higher seed yield was realized in v1f4 (1750 kg ha-1) which was on par with v2f4 

(1713 kg ha-1) during summer. Seed yield was the highest (1700 kg ha-1) in v1f4 

during Rabi. Haulm yield and TDMP recorded were higher for v1f4 and was on 

par with v2f4 during both the seasons. The available N status in soil was higher 

during both the seasons in v1f4 with the highest NPK uptake during Rabi. 

Sumanjana and DBGV 5 with f4 realized higher mean net income (₹ 70411 ha-1 

and ₹ 61256 ha-1) and mean B: C ratio (2.04 and 1.95). 

 The present study identified DBGV 5 and Sumanjana as shade tolerant 

blackgram varieties with superior growth and yield attributes under partial shade 

and could be recommended for intercropping in coconut garden. Further, the 

yield of the shade tolerant varieties could be enhanced by recommended dose of 

nutrients as per KAU package supplemented with foliar spray of 19:19:19 (1%) 

at 45 and 60 DAS + foliar spray of NAA 40 mg L-1 and SA 100 mg L-1 at pre-

flowering (35 DAS) and 15 days later. Sumanjana and DBGV 5 raised under 

partial shade in coconut garden with recommended dose of nutrients 

supplemented with the above said foliar spray realized higher mean net income 

and mean B: C ratio. 
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     , ഡ്രൈ മാറ്റർ കരാഡക്ഷ          f4                  . 

സുമഞ്ജന f4                        100                      

                 . സുമഞ്ജന, ഡി ബി ജി വ്ി-5                    

f4 കൂടുത്ൽ വ്ിള   (1725      /   ർ, 1626      /   ർ)        

        .   

ഡി ബി ജി വ്ി 5-ഉം സുമഞ്ജനയും                  ,       

  ർ                     ളായി െകെത്തി. ഇവ് കത്ങ്ങിൻ 

്ത്ാെികല ഇടവ്ിളകൃഷിക്ക    ർ  കെയ്യാവുന്ന    . ്െരള ൊർഷിെ 

സർവ്െലാശാല ശുപാർശ്യാകടാെം ഒരു ശത്മാനം  വ്ീരയത്തിൽ 19:19:19    , നട്ടക 

45 ഉം 60 ഉം ദിവ്സത്തി      , നാഫ്തലീൻ അസറ്റിെക ആസിഡക (എൻ എ എ) 40 

മില്ലി     സാലിസിലിെക ആസിഡക 100 മില്ലി     ഒരു ലിറ്ററിനക എന്ന ്ത്ാത്ിൽ 

പൂവ്ിടുന്നത്ിനു മുൻപം,   ർ   15 ദിവ്സങ്ങൾ       പത്ര്പാഷണമായി 

നൽകുന്നത്ക വ്ിളവ്ക  ർ       കൂടുത്ൽ വ്രുമാനം ഉറപ്പു വ്രുത്തു      

             . 


